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Abstract

Buffdo feeding paich odection wes invedigaed usng severd mehods A
phytosociological  dassficatory gpproach was used to describe the gructurd and florigtic
compostion of feeding and control paches The key differences between the two
treatments were that feeding patches had a higher abundance of preferred forage species,
higher grass biomass and cover, with a lower woody cover when compared with control
patches.

Satigicd andyses reveded tha grass adundance was dgnificantly higher in feeding
patches, and that the vdley bottom geomorphologicd unit was sdected dgnificantly more
than other units. Distance to surface water was dso dgnificantly nearer to feeding Stes
than control counterparts.

Canonicd ordination adso reveded that feeding petches contained higher abundances of
preferred forage species than did control petches. This factor as wel as grass biomass,
maximum  vishility, digance to water and percentage lesf Phosphorus are important
vaiablesin paich sdlection.

Ingght gained from this sudy suggests that buffado patch sdection cannot be atributed to
asingle patch varidble, but instead is determined by a set of varigbles.

Grass species that were dominant in feeding paiches as wel as being highly favoured
forage species include, Panicum maximum, Urochloa mosambicensis, Digitaria eriantha,

Themeda triandra, Heteropogon contortus and Panicum coloratum.



TABLE OF CONTENTS
Dedaaion of own work I

Acknowledgements "
Abstract Vi
Lig of figures IX
List of tables XII
1 Chaepter 1. Generd introduction 15
11 Previous studies conducted on the feeding ecology of the African buffalo within

the region 17
12 Study Area 19
121 Location 19
122  Climae 20
1221 Rainfal 20
1222 Ambient temperature 20
123 Geology, soils and geomorphology 21
2 Chapter 2: Description of buffalo feeding habitats 23
21 Introduction 23
22 Materials and methods 25
221 Location of the feeding and control patch 25
222 Technique used for vegetation sampling 26
223 Methods used to analyse plant species data 27
224 Releveé grouping 27
225 Statistical analysis 29
2251 Randomisation test 29
2.2.6 Problems incurred with Phytotab-PC software 29
23 Results 2
231 Phytosociological classification 32
2311 Classification combining Feeding and Control patches 32
2312 Classification of feeding patches 33
2313 Classification of control patches 57
232 Synthesis of community variables 76



24
25

31

32
321
3.2.2
3.2.3
3.24
325
3.26
3.2.7
3.2.8
3281
33
331
3311
3.3.2
3321
3.3.3
3331
3.34
3341
34
34.1
34.2
343
344
345
3.4.6
34.7
348

Discussion
Summary and Conclusions

Chapter 3: Quantifying the key resources responsible for patch
section

Introduction

Materials and methods for Pair-wise analysis

Grass phytomass

Percentage moisture content

Lesf to stem ratio

Percentage Nitrogen and Phosphorus

Grass to forb ratio

Distance to water

Horizontal visibility

Woody density

Statistical analysis

Materials and methods for non-paired data

Grass height preference

Statistical analysis

Geomorphological unit or community type

Statistical analysis

Aspect

Statistical analysis

Sope

Statistical analysis

Results and discussion: Pair-wise analysis

Mean grass tuft phytomass

Total patch phytomass

Mean percentage grass moisture content

Total patch percentage grass moisture content (weighted average)
Mean percentage leaf nitrogen content

Total patch percentage leaf Nitrogen content (weighted average)
Mean percentage leaf Phosphorus content

Total patch percentage leaf Phosphorus content (weighted average)

79

B8 8B BIIBIIASISIELEB BB &

91
91
92
92
92

8 & ¥

97
98

Vi



3.4.9
34.10
3411
3412
3413
3414
35
351
3.5.2
353
36

41
4.2
43
43.1
432
433
434
44
4.4.1
4411
4.4.2
4421
4.4.2.2
4.4.2.3
4424
4425
4426
4.4.2.7
4.4.2.8
4.4.2.9

Mean stem to leaf ratio

Patch stem leaf ratio

Grass to forb ratio

Distance to closest surface drinking water

Maximum horizontal visibility

Woody Density

Results and discussion for variables not tested by pair-wise method
Mean grass height

Geomorphological unit

Aspect

FBRRERERRBRBEE S

Summary and Conclusions

Chaepter 4: The influence of environmenta variables on plant
community structure and likely patch sdection 113

Introduction

Rationale for ussing CANOCO 4.5

Materials and methods

Community (patch) structure

Explanation of selection of patches explained by environmental data
Environmental variables included in CCA

Testing for statistical significance

Results and discussion

Patch community structure

Feeding and control patches

Patch herbaceous structure

Feeding and control patches

Basalt and Granite relationships

Underlying substrate effects and herd foraging strategies
Species occurrence in feeding patches

Grass species contribution in patches on basalt substrate
Grass species contribution in patches on granite substrate
Species occurrence in control patches

Selection of feeding patches explained by environmental data

RBEBBENRBERRREBEEBBEEEEREER

Importance of environmental variables in control patches

<



45 Summary and Conclusions 137
5 Chapter 5: Forage sdlection of herds 139
51 Introduction 139
52 Materials and methods 141
521 Statistical analysis 141
53 Results and discission 142
531 Grass species preferences 142
532 Physical and chemical influences on species acceptance 145
5321 Phytomass 145
5.3.22 Percentage leaf Nitrogen content 146
5.3.2.3 Percertage leaf Phosphorus content 148
5324 Grassstemto ledf ratio 150
5.3.25 Percentage grass moisture content 151
533 Interactive effects (Multiple linear regression) 152
54 Summary and Conclusions 11
6 Chapter 6: Implications for management of buffao populations 155

6.1 Introduction 155
6.2 Synthesis of research and potential management implications. 156
6.2.1 Managing for habitat preferences 156
6.2.2 Bulk grazers are selective feeders 157
6.2.3 Carrying capacity determination 157
6.24  Artificia water points 158
6.25  Supplementary feeding 158
6.2.6 Fire regime 160
References 161
Appendices 171

VI



LIST OF FIGURES

FHgurel: Mgp showing study area a a continentd, regiona and locd scae respectivedy

LT IS ) TP 19
Figure 2: Mean long-term rainfall (1932 2003) ........ccoeirirerenireis e e 21
Fgures 3: The rdlationship between phytomass and number of plants counted in the bet

transect in the first (error in formula) version of PhytotaldPC...........cccovviiiieiiieene 30
Figure 4: The relaionship between phytomass and the number of plants counted in the belt

L= 105 o PRSPPI 30

Figure 5: Histogram showing the proportional cover of each growth form in community..39
Fgure 6: Histogram showing the proportion each growth form contributes to the

COMMTIUNITY. .ttt ettt e it e et s e e s s e e s shesbeseese e b e sb e e e se e s e s e e es seeeseeneeneennees 43
Fgure 7: Histogram showing the proportion eech growth form contributes to the

(0001011010 01§V USSR 47
Fgure 9: Histogram showing the proportion each growth form contributes to the

[0r0] 01011001 0132 57
Fgure 10: Histogram showing the relaive proportion each growth form contributesto the

(000910 111 01 Y2 SRS P 63

Fgure 11. Higogram showing the relative proportion each growth form contributes to the

[0r0] 01011001 0 132U 67
Fgure 12: Hisogram showing the relative proportion each growth form contributes to the
(0001910 111 01 2SSOSR 71

Fgure 13: Histogram showing the rdative proportion each growth form contributes to the

[0r0] 01011001 012U 76
Fgure 14: Graph showing the relative proportion of growth forms occurring in feeding

PAECHES ..ot e ettt bt bbb nre e 78
Fgure 15: Grgph showing the rdaive proportion of growth forms occurring in control

072 0 0= USRS 78

Figure 16: Running average of percentage moisture versus number of samples of four
COIMIMON GFaSS SPECIES. .....cvetereeuerterteeeseses seeesessessesessessesessessese esestessensssessesesessessenes oes 85

Fgure 17: Running average of grass height versus number of sampling points of Six

Figure 18: Box and Whisker Plot: Mean tuft phytomass of feeding and control patches. ...92



Figure 19: Box and Whisker Plot: Total patch standing Crop. ........ccccoeeeeereneienieseeriennene 93
Figure 20: Box and Whisker Plot: Mean percentage grass moisture content. ............c.c....... A

Figure 21: Box and Whisker Plot: Weighted average percentage grass moisture content ...95

Figure 22: Box and Whisker Plot: Mean percentage leaf Nitrogen content. ..............c.c....... 9%
Figure 23: Box and Whisker plot: Weighted average percentage leaf nitrogen. .................. 97
Figure 24: Box and Whisker Plot: Mean percentage leaf Phosphorus content. ................... 98
Figure 25: Box and Whisker Plot: Weighted average percentage leaf phosphorus. ............ 9
Figure 26: Box and Whisker Plot: Mean stem to leaf ratio. .......ccccevvevvicvie e e, 100
Figure 27: Box and Whisker Plot: Weighted average stem to leaf ratio .......ccccecvecvevenne 101
Figure 28: Box and Whisker Plot: Grass proportion of feeding and control patches. ........ 102
Figure 29: Box and Whisker Plot: Mean distance to drinking water. ...........c.ccoeenineenne. 103
Figure 30: Box and Whisker Plot: Maximum horizontal visibility. ..........ccccceovviiiiiienennee 104
Figure 31: Box and Whisker Plot: Woody denSity. .......cccooereninininiene s 106
Figure 32: Geomorphological position of patches combined over both seasons.. ............. 107
Figure 33: Geomorphological position of patches over the dry season. ..........cccccevevrenene 108
Figure 34: Geomorphologica position of patches over the wet season. ..........cccccvevienenee. 108
Figure 35: Aspect of feeding patches over the wet season (SUMMEN)........ccoceevveviecieniene 109
Figure 36: Aspect of feeding patches over the dry season (WiInter).. .....cceevveeeeveeneniennen. 110
Fgure 37: Ordination diagram showing the position of feeding and control patchesin

OFAINGLION SPACE ...ttt ettt b et b e £esesbe st e e e sesbe st e st sbesbe e eeneeeens 21
Fgure 38: Smple ordination diagram showing the position of feeding and control Stes

when only the grass species are included in the ordination............cccceveveninene v 123
Fgure 39: Smple ordination diagram showing didtribution of basdt and granite Stes, only

including the grass species and not all other species and growth forms. ................... 124
Figure 40: Position of feeding patches of both study groups in ordination space. ............. 125
Figure 41: Grass species position in ordination SPACE. .........cocuvererererieenes cesee e siesae e 127

Figure 42: Ordination diagram reflecting the species contributing most Significantly to the

floristic composition of the sample sites occurring on basalt subgtrate...................... 128
Fgure 43: Ordination diagram of feeding patches on granitic/gabbro soils showing the

relative importance of different grass species to their floristic composition.............. 129
Figure 44: Diagram showing the dominant species in control patches. ..........cccooevvveeneene 130
Hgure45: CCA diagram illugtrating relative importance of environmentd varigblesin

feeding PatCh SEIECHION .......cc.oiiie e e 13

Figure 46: CCA of control plots, showing relative importance of environmenta variabl .136

X



Figure 47: Grass species acceptance of herds on granitic soils throughout the year.......... 143
Figure 48: Grass species acceptance throughout the year by herds on basdt sails. ........... 144
Figure 49: Grass acceptance as a function of phytomass...........cccoevevrierenn serieniesie e 146
Figure 50: Grass acceptance and its correlation with percentage leaf Nitrogen content. ...147

Figure 51: Linear relationship between mean percent grass moisiure content and mean

percentage leaf Nitrogen CONENL. ..........ccvirerieireriee et e 148
Figure 52: Grass acceptance correlated to percentage leaf phosphorus. ..........cccccvvieneee. 149
Figure 53: Linear rdationship between percentage leaf Phosphorus content and percentage

Plant MOISLUIE COMEENL. .......ccuereeitieieeieieeiest seesiesieeeesee e see e s sses eeesaesresseesesseeneeeeneens 150

Figure 54: The linear relationship of grass acceptance with grass stem to lesf ratio ......... 151
Figure 55: Grass acceptance correlation with percentage tuft moisture............ccccceceeenene 152
Figure 56: Comparing the crude protein content of preferred grass species over the

duration of the project as well as with the other less selected species. ... 160

Xl



LIST OF TABLES

Table 1: Brief overview of the Land Type characterigtics (Venter, 1990) of the Sudy area.

...................................................................................................................................... 2
Table 2: Ligt of rdevésthat condtitute this community and their respective catena

positions, Land Type classification (Venter, 1990), season sampled, herd effiliation

S a0 TS oot SRS A
Table 3: Key species/Strong competitors for each growth form class: ..........ccocoeeciincene. 36
Table 4: Dominant Speciesin community with repect to percentage canopy cover (only

TOP thre HISEEU) ....oeeeeeeeeee e e ettt s eeeaneereas 37
Table 5: Mean community grass biomass in order of ascending abundance. ...................... 37
Table 6: Community structure arranged by growth form. Cover val ues represent projected

CIOWN COVEL ..eeieeeteeteeueesueesseesee seesaeesseesse e s saeeameesre e s 2aeeemeesre e st easesmeesreenneen senneenneesnneans 38
Table 7: Lig of rdevés that conditute this community and their respective catena position,

Land Type classification (Venter, 1990), season sampled and aspect. .........cccccevuennee. 40
Table 8: Key Species/Strong Competitors for each growth form class: .........ccceeeieeieenenns 41
Table 9: Dominant species in community with respect to percentage canopy cover ........... 41
Table 10: Mean community grass biomass in order of ascending abundance. .................... 42
Table 11: Community structure arranged by growth form. .........ccccceeveveecicces v 43
Table 12: List of rlevésthat condtitute this community and their respective catena

positions and Land Type classification (Venter, 1990). ......ccceveveverenienieeies ceeeeseesnna 44
Table 13: Key Species/Strong Competitors for each growth form class...........cccccevevveneen. 44
Table 14: Dominant species in community with respect to percentage canopy cover ......... 45
Table 15: Mean community grass biomass in order of ascending abundance. .................... 46
Table 16: Community structure arranged by growth form. ..o 47

Table 17: Ligt of relevésthat condtitute this community and their repective catena
positions, Land Type classification (Venter, 1990), season sampled and aspect. ........ 48

Table 18: Key Species/Strong Competitors for each growth form class. ........cccccvceevvnienen. 49
Table 20: Mean community grass biomass in order of ascending abundance. .................... 50
Table 21: Community structure arranged by growth form. ... 51

Table 22: List of rdevésthat condtitute this community and their repective catena
positions, Land Type classification (Venter, 1990), season sampled and aspect. ........ 52
Table 23: Key Species/Strong Competitors for each growth form class.........cccccveeevvnnenen. 53

Xl



Table 24: Dominant species in community with respect to percentage canopy cover. ........ 55

Table 26: Community structure arranged by growth form. ..........cceoveneininin e 57
Table 27: Ligt of rdevésthat condtitute this community and their repective catena

positions and Land Type classification (Venter, 1990). ......cccoeeveveieiiiieiee e 58
Table 28: Key Species/Strong Competitors for each growth form class. .........ccccvcvevvnnenee. 60
Table 30: Mean community grass biomass in order of ascending abundance. .................... 61
Table 31: Community structure arranged by growth form. ... e 62
Table 32: Lit of rdevésthat condtitute this community and their respective catena

positions and Land Type classification (Venter, 1990). .......ccooevirenenirienies cenieseennnsd 64
Table 33: Key Species/Strong Competitors for each growth form class. .........ccoceceeienne 64
Table 34: Dominant species in community with respect to percentage canopy cover. ........ 65
Table 35: Mean community grass biomass in order of ascending abundance. .................... 65
Table 36: Community structure arranged by growth form. .........ccccocvvinieiens v, 66
Table 37: Ligt of rdevésthat condtitute this community and their respective catena

positions and Land Type classification (Venter, 1990). ......cccoocevererenierienies ceserseennns 63
Table 39: Dominant species in community with respect to percentage canopy cover. ........ 69
Table 40: Mean community grass biomass in order of ascending abundance. .................... 70
Table 41: Community structure arranged by growth form. .........ccooeeeeinienens cenceseeeenn 71
Table42: Lig of reevésthat condtitute this community and their repective catena

positions and Land Type classification (Venter, 1990). ......cccccceveveienesieeiee ceeie s, 72
Table 43: Key Species/Strong Competitors for each growth form class. ..........cccccveeveneee. 73
Table 44: Dominant species in community with respect to percentage canopy cove. ........ 74
Table 45: Mean community grass biomass in order of ascending abundance. .................... 74

Table 47: Community variables of feeding and control communities. Percentage Canopy
Cover is abbreviated as %CC. The vauesin the table below shows thet feeding
paiches have alower mean woody component, a higher grass proportion and higher
grass phytomass. Feeding patches aso have alower species diversty than control

Table 48: Grass height class occurrence. The vaues listed in Table 48 reflect the number

of grass tufts recorded in each of the height categories. ........ccoovvveeveienine e 106
Table 49: Results of Spearman Rank Correlation test. This table shows thet grass heights
were very similar between feeding and control patChes. ..........cccccvereirienene cerieeenn 106

X1



Table 50: Log table of resultsfor DCA ordination of dl feeding and control patches. The
lengths of dl the gradients are dbove 4 SD’ s, implying a strong unimoda response.

Teble 51: Summary of log for feeding patch ordination by DCA. Thefirst gradient shows a
strong unimoda response, implying an explanatory variable exigs for the choice of

patch selected in feeding PatChES. .......cooouriririeiceree e e

Table 52: Summary of log for control petch ordination by DCA. A srong unimodal
response is computed for the firgt axisin control patches, implying atheoretica

explanatory variable exists that explains avoidance of control paiches. .................

Table 53: Log of DCA for both feeding and control stes, usng only grass species and not
al growth forms. Similarly, with the ordination of al growth forms (Table 50) a

strong unimodal response is computed for the first axis. ........ccoceevveveevcieieie e,

Table 54: Margina effects of CCA. Percentage preferred grass species in feeding patches

explained the most variability in the analysiS. ........ccocveeerieienese e

Table 55: Conditiond effects of CCA. Percentage preferred species, tuft density, mean
vighility, distance to water and percentage leaf phosphorus dl computed significant

contributors to PatCh SEIECHION. .......ceevveeie e e e

Table 56: Margind effects of CCA. Distance to water and grass to forb ratio explained the

most variability in CONrol PAIChES. ........ccoiveiiiicree e s

Table 57: Conditiona effects of CCA. Distance to water and grassto forb ratio explained
the mogt variability in control patches, asit did in the margind effects andyds (Table
56). None of the tested environmenta variables computed significant for control

Table 58: Summary of the five most preferred grass species. Utilisation class specifiesthe

modal category in which most observations were made for that species. ...............

Table 59: Multiple regresson summary for the dependent variable “ Acceptance’. All

possible explanatory variables used and the amount of variability each explains. ....

142

153

XV



1 Chapter 1. Generd introduction

Sdection of auitable habitats by free-ranging animds is mediaed by a number of
fundamenta requirements, incdluding suitable forage, proximity to drinking water, predetor
avoidance and protection from environmentd extremes (Sindair, 1977). These factors may
not be mutudly exdusve and an animd may try and optimise by choosng hebitats thet
offer the grestest combinations of its key resources. Sinclair (1977) found that buffdo in
Eagt Africa showed regula or seesond movement, associated with the occupation of
different habitats a different times of the year. These movements reflect adjusments in
meeting resource requirements, especidly fluctuations in the avallability of food and
waer. Buffdo foraging behaviour and habitat sdection is wdl documented (Sindair,
1977; Beskmen & Pring 1989; Fundon, 1992; Prins, 1996). Mog of these sudies are only
of locd use though, as vegddion types landscape characterigtics and dimate vary
ggnificantly from one sudy area to another. Senft et al. (1987), McNaughton (1991) and
Baley et al. (1996), suggeded tha lage hebivore grazing didribution peaterns ae
hierarchicdl in nature, and thus animads have varying scdes of diet sdection. Broadly
dated, sdection begins a a sndl scde (catogrephicaly spesking) or landscepe leve,
progressvely getting to a finer scde through the feeding paich, feeding dation or
micropaich and findly, plant pat or bite Three sudies (Mugangu et al., 1995; Perin &
Brereton-Stiles, 1999; Abeare, 2004) have described the paich charecteridics of herds,
depicting their sdlection of preferred feeding Stes within the mosaic of the landscape.

In this study, | quantify the patch sdection of buffdo within the Kruger Nationd Park
(KNP), supplying ingght into the patch sdection criteria of mixed-sex buffdo herds within
the KNP system

The fiddwork was caried out in the centrd region of the KNP from February 2002 until
July 2003.

The objectives and key questions of the project were asfallows:

Objective 1. To describe buffao feeding patch floristic characteristics and determine
whether adifference in floristic composition exigts between feeding patches and a
neighbouring control Ste.
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Objective 2: To compare the habitat characteristics of the patches sdected by buffao to
that of aneighbouring control Ste.

Key quedions

2.1.) Which measured variables show a ggnificant difference between feeding and control
gtes?

Thus to determine whether sdection for the measured variables takes place at the set
sampling scale or are certain variables being selected at adifferent scale?

2.2.) Does predator avoidance have an influence on patch selection?

Objective 3: To determine how florigtic composition and structure interact with
environmentd varidbles to determine patch sdlection.

Objective4: To quantify and describe forage selection of buffao and how grass atributes
may influence this sdlection.

Key quedions
4.2.) Do moigture content, nitrogen and phosphorus content and stem to lesf retios

influence the selection of those grass species.

Objective 5: Interpret the data from this study and make recommendations asto the
sudtainable management of buffao.

Thee objectives collaborativdy am to ascetan if common habitat preferences exist

between mixed sex herds across different subdrates and to quantify buffao utilisation and

prioritisation of seasond resources.
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1.1 Previous sudies conducted on the feeding ecology of the African buffao within the

region

To plece this work in context, cognisance must be taken of severd other feeding-related
dudies that have been caried out in the KNP. A brief review and comparison is made with
my research.

Abeare (2004) used buffdo herd dry-season locationd data to test the effectiveness of the
new home range esimator, k nearest-neighbour convexhull (kNNCH) devdoped by Getz
and Wilmers (2004). Smilar methodology was employed in the vegetetion sampling for
this dudy, namdy an adgpted verson of the Plant Number Scde (Westfdl and Panagos,
1988), to differentiate floridicdly, highuse and low-use aress a two sampling scaes,
habitai-levdl and patchtlevd. The adegptation involved only identifying the graminoids to
gecies levd, while dl woody plants where placed into one caegory, with no
differentiation of species. At the landscgpe leve, nine out of the ten regionwide vegetaion
types as identified by Gertenbach (1983) were represented. Buffdo showed a sgnificant
sdection for dwaf knob thorn savanna and knob thorn/marula tree savanna vegetation
types (Gertenbach, 1983).

The paich sdection andyses reveded a dgnificant difference in river dendty between
core-ue and lacunee (low-use) paches and the abundance of certain grass species classes
(moderately paatable).

Abeare’'s andyses of grass preference indices illudrates that the abundance of the mod-
preferred species varies little between subdtrates and paich treatments, whereas for less
preferred species greater abundances are found within core-use patches.

The results of this patch andyss differs somewhat from my results whereby the relevant
abundance of preferred species is higher in feeding patches than in neighbouring control
patches.

Macandza et al. (2004) conducted research into the late dry season forage sdection of
buffdo across the two dominant geologica subdrates. The sampling was conducted at the
feeding dation level to monitor species sdection of the herds over the late dry season or
so-cdled “crunch period’, when resources are most limited, and to test foraging theory
which predicts an increase in the dietary compostion of previoudy avoided species as the

17



dry seeson progresses. The forage sdection findings of this study concur strongly with my
findings

Wentzd et al. (1991) characterised the herbaceous layer of preferred grazing aress of
grazers in the south-eestern KNP, induding buffao. Ther results showed that buffao
sdected areas with a higher percentage of Decreaser classfied grasses in the sward than
did the other species under invedtigation; and that buffao sdected aress with a better
ovedl ved condition. Among these Decreasars were Cenchrus ciliaris, Digitaria
eriantha, Panicum coloratum, Panicum maximum, Themeda triandra and Setaria
incrassata, dl spedies shown in my research to rank amaongst those preferred by buffao.
Buffao dso sdlected areas of a higher phytomass.

Fenaar (1969) provide cursory data on grass species found in the rumen of culled buffdo.
Prdiminary results showed Themeda triandra, Panicum coloratum, Digitaria sp., Panicum
maximum and Heteropogon contortus to be aundant in ther diet. These results imply that
buffdo forage sdection remains consdent both spatidly and tempordly with the KNP
sysem.

This dudy differs from previous dudies in tha a combination of methods was used,

induding phytosodology, par-wise ad canonicd  ordingtion, providing a hdlidic
overview of feeding patches and their selection criteria

18



1.2 Sudy Area

1.2.1 Locdion

The study was conducted in the centrd region of the Kruger Nationd Park (Figure 1), the
core aea of the dudy being in the vicnity of Satara rest camp (24°2342S, 31°47 06E).
The camp is Stuated a gpproximately 275m above mean sealeve (amasl.).

F

THE KRUGER NATIONAL PARK
IN RELATION TO
AFRICA AND
SOUTHERN AFRICA

ZIMBABIE

MANIB LA

BOTSUAMN A

REFBLIC

SIB.'I:TH

AFRICA

Fgurel: Mgp showing study area a a continenta, regionad and local scale respectively
(KNP GIS|ab).
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1.2.2 Climae
Climaic conditions in the KNP vay from hot and humid in summe to mild and
predominantly dry in winter. The lowed's dimae is rdaed to the regiond dimate of the
ub-continent as a whole in tha it is influenced by anticydonic sysems moving semk
rhythmically over Southern Africafrom west to east (Venter & Gertenbach, 1986).
The average long-term rainfal for the sudy area can be seenin Figure 2.
Two seasons, wet and dry, were used for purposes of this study, based on the long-term
monthly rainfal. They were dasdfied as follows

1) Wet season: November to April

2) Dry season: May to October.

1.2.2.1 Ranfdl

Thelong-term average annud rainfdl for the Satara region is 550mm (Gertenbach, 1980).

Ranfdl is largdy confined to the summer months in the dudy area with very little to no
ran experienced over winter (Figure 2). December, January and February are on average
the wettest months of the year, while July and August are the driest (Gertenbach, 1980).

During he sudy period the centrd region of the park had wdl bdow average ranfdl, with
the only subgtantia rain occurring in one event in March 2003.

Ranfdl in the KNP exhibits a cydic nature with periods of above and beow the long-term
average ranfdl occurring a regular intervas of agpproximady 9-10 years producing a
quas 20year otillation (Gertenbach, 1980). On average the precipitation in wet and dry
cycles was 13% above and bedow the KNP long-term average. Annud precipitation within
the park follows a gradient, decreasng in quantity from south to north (with the exception
of the area around Punda Maria camp).

1.2.2.2 Ambient temperature

Ambient temperaiure for the entire KNP is tropicd in nature, with extremey hot and
humid summer conditions and warm and dry winter conditions. The hottest temperatures
are higoricaly experienced over December and January, while the coolet months of the

year are June and July (Figure 2).
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Figure 2: Mean long-term rainfdl (1932-2003) as well as that for the gudy period (January
2002 — July 2003) for Satara (Data supplied by the South African Wesather Bureau). Error
bars represent 95% confidence intervals. Long-term minimum and maximum temperatures
for Satarafor the periods 1966-1971 and 1981-1990 are dso displayed.

1.2.3 Gedlogy, soils and geomorphology

The dudy area occurs predominantly in the Satara Land Sysem (incorporaing severd
Land Types) and is described by Venter (1990) as being associated with volcanic rocks of
the Sabie river basdt formation, which condss manly of olivine-poor lavas (Bristow,
1976; Brigow & Cleverly, 1983, Brisow & Venter, 1986), as wdl as gadbbro of the
Timbavati gabbro (Schutte, 1986) (Table 1). The Timbavati gabbro consds of quatz
gabbro, gabbro and dlivine gabbro and occurs as large plates which are intrusve in the
Basement complex.
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Table 1: Brief overview of the Land Type characteridtics (Venter, 1990) of the Sudy area.

DOMINANT WOODY

L/TYPE GEOLOGY VEGETATION GEOMORPHOLOGY

Mavumbye Sebie river basalt Denseto open A Flat-dightly
formationwithinterlayers  nigrescens bush ssvanna.  undulaing plains
of divine-rich basdt asciated with
(picrite) of Letaba basdt interfluvial aress.
formation.

Muzandzeni Orpen gneissintruded in Moderately dense mixed Sightly-moderately
some placesby numerous  Combretum sp./A. undulaing plains
dolerite dykes. nigrescens bush savanna.  representing aress

whereerosond
processes caused
shdlower soils.

Orpen Timbavati gabbro (quartz~ Isolated patches with Gently undulating
gabbro, gabbro and moderately dense C. plans
olivine gabbro) occur as apiculatunVC. zeyheri
differentiated platesin bush savanna on granitic
Basement complex. inliers.

Satara Olivine-poor basdt of Acacia Flat-dightly
Sabieriver basdt nigrescens/clerocarya  undulating plains
formation intruded by birrea tree savanna associated with
dolerite dykes. Dichrostachys cinerea interfluvia aress.

prominent shrub.

Vutome Ecca shde/mudstone; A. welwitschii/E. Flat-dightly
Clarens divinorumtree savanna undulating with
sanddone/doleritebasdt;  with Spirostachys africana  scattered low koppies
Calwium from near drainage channels. & rock outcrops.
sandstone/gnelss over
shelemudsione.
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2 Chapter 2: Description of buffalo feeding habitats

2.1  Introduction
Individuds populaions, and species of large hebivores ae influenced by goatid
heterogenaity in their environments a scdes ranging from the feeding patch to the biome
(du Toit, 2003). This chepter places feeding patches sharing Smilar vegetation <ructure
and spedes compogtion collectivdly into community types or hebitais Phytosociology
was used to dexribe the physognomic-dructurd and florisic properties of the
expaimenta and control paiches. Phytosociology is the sdence of recognition and
Oefinition of different vegeation types and plant communities (Kent & Coker, 1996)
involving the orderly arangement of rdeves (sample or patch) according to their
differences and dmilarities (Gabrid & Tabot, 1984). The dassfication of feeding patches
into plant communities dlows for inter alia the assessment of vegetaion types and ther
suitability as habitats for buffdo. One can then deduct buffdo feeding habitat preferences
within the Kruger sysem and exirgpolate these to other aeas, geogrephicdly or
florigicaly amilar.
While the following description of buffdo habitats is of largdy locd sSgnificance,
knowledge gained from thee daa may dso be goplied to any consarvaion area as it
includes both the woody and herbaceous characteridtics (including inter alia, densty,
caopy cover, phytomass and gpacing) of the communities sdected for by buffao,
irregpective of species compogtion. The key factors independent of species compostion
bang:

Woody dendty, across three growth form categories according to height of the

plant after Westfal (1992):

Tree (§ngle sem >=2m, multi-gem >=5m)

Shrub (sngle gem <2m, multi-gem <5m)

Dwarf Shrub (<1m, perennid)

Herbaceous phytomass, percentage canopy cover, plant spacing and dengity.

Hence, species composgtion may change geogrgphicdly but the plant abundance indices

can be usad for buffdo ecology comparisons between different areas or populations. Grass
species preferences shown for this study area can be extrgpolated to other areas based on
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the pdatability indices given for those preferred species (eg. percentage Nitrogen and
Phasphorus content and stem to lesf proportion).

Two vegetation classfications have been completed for the KNP to date:

Venter (1990) conducted a comprehensve study to map ad describe land in the
Kruger Nationd Park (KNP) to serve as a basis for management planning and other
ecologicd dudies. To make the mgp and data suitable for these purposes, the KNP
was subdivided into 56 land types on the bass of soil and vegedion patterns and
landform charecterigtics. The land types were induded into 11 land sysems on the
bess of geologicd, geomorphologicd and dimatic characteridics. This land type
map was used in my study to differentiate geological boundaries of the study herds.

Gertenbach (1987) compiled a map of the KNP's landscgpes providing a Smilar
template to that of Venter (1990) for management planning and ecologicd Sudies.
Subsequent andyss of the two dudies by Solomon et al. (1999) showed a high

degree of overlgp in the two classfication sysems, whereby cdassfied units share
sgmilar boundaries
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2.2 Maeidsand methods

2.2.1 Location of the feeding and control patch

We located buffdo herds fitted with VHF radio-collas usng radio-tdemetry equipment.
We located the herds a least once a week, but often severd times a week, as repedt
sghtings of the herd were often needed to locate feeding paiches if the herds where busy
with other behaviour eg. walking, resting, drinking or low intensity feeding.

To minimise the impact on the hads behaviour and movement, the sampling of the
patches could not dways be undetaken immediady after the herd had finished feeding, as
they frequently chose to rest in cdose proximity to the paich. This often meant returning
later in the day or, in the case of late afternoon observetions, the next morning.

The patches were measured for two foca breeding herds, namey the Mavumbye herd (M),
which occurred on the basdts, and the Timbavati herd (T), which occurred predominantly
on the granites and gabbro intrusons. Both herds are named dfter the watercourses that
dominate their home range. Paches were located every month, with an average of gx
patches sampled per month over the period of the study. Focd herds were identified by te
presence of cetan VHF radio collars whose home ranges encompassed the two dominant
geologicd subdrates. The Timbavai herd predominantly occurred on an  underlying
Granite basement complex; with Gabbro intrusons and the Mavumbye herd on a Basdt
Ubstrate.

The sampling was duplicated for a control dte, neighbouring the sdected feeding petch.
The neighbouring control dte was sampled & a digance of 100m perpendicular to the
obsarved edge of the foraging path, dternating left and right of the paich for successive
samples. A gmilar sampling drategy was employed by Stokke & du Toit (2000), where
50m wes successfully used as the distance between control and experimenta dStes to
determine eephant forage sdection, and differentite between bull and herd forage
sdection. The objective of the sudy was to determine what the patch sdection criteria are
for buffdo, when an aray of habitat types are avalable to them within the landscgpe; and
it was fdt that this would be best achieved by usng neighbouring Stes Buffdo herds in
the centrd region vary in sze from 300-1000 animas Herds of this Sze often encompass a
laerd area of a hundred metres or more, requiring the control paich to be located one
hundred metres from the edge of the foraging path to avoid surveying the fringes of the

foraging peth.
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The herd's activity was observed without the herd being aware of the observer’s presence,
to ensure no behaviourd bias was introduced. A feeding paich was dlassfied as ay gte
where an “activity” scan, recorded in the form of an ethogram (i.e. recording a number of
individuds exhibiting specific behaviour), of the herd shows a minimum of 75%-80% of
the individuds to be feeding, or whose posture suggests such activity. Once these criteria
were met and the herd had moved away, a vegetaion survey was conducted in the centre of
the foraging peth, as noted by direct observation and spoor.

2.2.2 Technique usd for vegetation sampling

The characteridtics of the patch or stand were measured usng a modified Braun Blanquet
goproach following Wedtfdl et al. (1996) usng scderelated areabased sampling, wherein
plant species compostion and growth form is recorded and cover determined usng the
Pant Number Scde (Wedtfdl & Panagos, 1988). The method records every species and
growth form (Wedtfdl, 1992) within a 10mx20m quedrat. Quantifying the area of a paich
is difficult and was not the objective of this sudy, but rather to sample the core area of the
patch and determine its atributes. Casud obsarvation reveded that the patches were often
in the region of 20-50m wide and of a longer length. Hence, the sampling area of 2007
was deemed adequate to be representative of the larger patch.

The Plant Number Scde (Westfdl & Panagos, 1988; Wesfdl et al., 1996) method of
determining plant canopy cover is a cover sampling method based on mean crown
dianeter and mean crown to crown spacing, derived from Edwards (1983) crown to gap
ratios. The mean crown diameter determines cover-sampling transect length while the
transect width is based on 4/5ths of the mean crown to crown gep. The number of
individuds are counted within the transect and the percentage cover is read off a scde,
according to the count. Thus, both plant spacing and crown dze are taken into account in
the cover sample. Scae increments are whole plants, resulting in a33-class scale.

The advantages of the Plant Number Scde include incressed precison compared with
other visud dass edimaion techniques and sill devdopment in visudly esimating cover
(Westfdl, 1998).

The disadvantages include reduced precison in usng crown diameter classes as opposed to
precise crovn messurements as well as insufficient varigtion being included within shorter
transects (Westfdl, 1998). A further disadvatage is the difficulty in determining meen
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crown to crown gep for plants with varied spacing. Spacing can vary condderably for
plants with agiven cover and dengty in terms of individuas per hectare (Westfall, 1998).

The Plant Number Scale has dso been used successfully by Fungton (1992) to determine
habitat sdection of buffalo in the Sabi-Sand Game Resarve.

As plait communites foom a hierarchy, in which smdler plant communities cen be
induded in lager plant communities scde should be teken into account for the
differentigtion of plant communities; o that the florigic varidion recorded is appropricte
to the scde (Westfdl et al., 1996). Conddering the Sze of the stand of vegetation (feeding
paich) requiring characterisation, the scde of 112000 (Panagos, 1995) was chosen
ensuring the appropriate measurement of florigtic variation.

2.2.3 Methods used to andlyse plant species data

Phytotab-PC verson 1.01 (Wedtfdl, 1997) software was used to andyse the data and
determine plant units (phytosociologicad  classfication). The data were laer reanadysed
using an updated verson of Phytotal-PC (Westfal et al., 1997) for reasons outlined below.

Phytosociologicd  dasdfication is the ordely arangement of rdevés into  plant
communities, based on dmilaities in vegeation dructure and  florigtic  compostion
(Gabrid & Tadbot, 1984). Altenady saed, a plant community is a group of plants & a
paticular scde, shaing a common environment and didinguished by a particular florisic
compogtion (Westfal et al., 1996).

Phytotab-PC uses a twoway matrix to portray cdassfied plant communities. Species are
represented by rows and the rdevés (patches) are arranged in columns. The vaue a the
intercept of the column and row indicates species presence, while blank intercept vaues
represent gpecies absence. Each vadue quantifies the species in terms of cover or cover
abundance (Wedtfal, 1992).

2.2.4 Rdevé grouping
In order to investigate whether or not florisic differences exised between feeding and
control gtes, the totd data st (both feeding and control Stes combined) was andysed
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usng PhytotabPC. Should the florigtics of the two trestments differ sufficiently; the
resulting dassfication would result in feeding dtes occurring in different communities to
thet of the control Stes.

Based on the assumption that there is a compodtiond difference between feeding and
control  paiches, one would expect 1) the feeding paich to dways occur in ancther
community type to it's control Ste and 2) the dassficaion should never include feeding
patiches into a community type where control Stes occur, i.e Feeding and control Stes
would never occur in the same community type.

No manipulaion (shifing) of community ddimiters took place for this dassfication, to

ensure an objective result.

The feeding dtes and control stes were then dassfied individudly (Appendix 12 and
Appendix 13), in order to desibe therr florigic compostions, induding diagnodic and
key plant species Derived data could dso be obtaned on quantifisdble community
vaiables, incuding grass phytomaess, percentage canopy cover of dominant species and
community structure (the percentege that each growth form represented in the community).
Manud dhifting of community ddimiters had to teke place to create tighter groups of
gpecies in this matrix. The ided classfication would be one where the groups of reevés
form tight groups of species without gaps between the species occurrences, and with none
of these species occurring outsde of this grouping (Panagos, 1995). In practice however
this sddom occurs, necessitating the need for manud manipulaion of the community

ddimiters.

In order to describe the dructura as wel as floridic characteriics of buffao habitats
separate gpecies numbers were assgned to the various growth forms (eg. dwarf shrub,
dhrub or tree) of a soecific species. This was done to overcome a shortcoming of Phytotab-
PC, which does not dlow duplicates of the same species within a given relevé to be
computed. One would normadly only retain one of the growth forms for a multiple species
occurrence, and deete the others. The asdgning of different species numbers to the
individud growth forms of the same spedies, dlowed the duplicates to be retained in the
classfication and provide a clearer destription of the dructurd characterisics of the

vaious communities.
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2.2.5 Sdidicd andyss

2.2.5.1 Randomisationtest

A randomisation test was used to evduate whether the assgnment of feeding paiches and
its pared control patch within each community type, gpproached a random assgnment or
not. To do this| ran 5000 smulaions usng code written in MATLAB 7.2. (Mathsoft ™).

Thefollowing agorithm was used:

1. Cdculate the proportion of times the trestment and control sites arein the same
community in the actud data

2. Redhuffle the assgnment of trestment and control randomly.

3. Cdculate the proportion of times the trestment and control Stes are in the same
community in the randomised data from point number 2.

4. Repea points 2 and 3, 5000 times.

5. Look a the number of smulaions that produced more extreme vdues than that
obsarved in point number 1 (i.e the proportion of times the trestment and control
gtes are in the same community in the actud deta).

2.2.6 Problemsincurred with Phytotab-PC software

An intringc eror in the phytomass cdculaion formula was discovered in Phytotab-PC ver.
101 (Fgures 3 and 4). The formula is roughly based on the podtive linear reaionship
between the number of plants counted in the bdt transect, and that species phytomass.
This rdationship held true only to a count of 16 plants theresfter an inverse reationship
was seen (Figure 3). Hence, the phytomass increased with increesng number of plants to a
point of inflection, after which the phytomass decreased with increesing number of plants
in the transect, until the phytomass was nil & a maximum count (32), which is equivadent
to a canopy cover of 100%. This is not ecologicdly or meahematicdly plausble and was
subsequently  brought to the attention of the author and designer (Dr. RH. Westfdl) of the
technique and software. Subsequent versons of the program have the corrected formula in

place.
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Fgures 3: The relaionship between phytomass and number of plants counted in the belt
transect in the firgt (error in formula) version of Phytotab-PC (Westfdl, 1988). Figure 3
highlights the error in the phytomass/count logarithm, whereby from a count of 16 plants
in the variable length bt transect grass phytomass begins to decrease with an increesing
number of plants counted.
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Figure 4: The relaionship between phytomass and the number of plants counted in the belt
transect, in the second version of Phytotab-PC, with the corrected dgorithm. An
ecologicdly plausble lineer rdationship is present.

The origind eror in this progran does not pose a mgor problem when conducting a
phytosociologicd  dassfication, as a minimum number of four rdevés, and often many
more than that, are usudly aggregaed to form a vegetation community. This “smoothing
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effect” will be hdp buffer the effects of a high count for any given gpecies, as the
characteridtics of that species will be averaged across dl included relevés. As the inflection
point occurs & a count of 16, it will be in only a very few instances where a count above
this occurs.

In the context of this type of project it had the potentid to influence the results as one
relevé (feeding patch) was being compared to another adjacent rdevé (control paich) to
invedtigate if any smdl-scde differences existed between the two. However, only 16 plants
in 14 different rdlevés had a count of 16 of more of the 2699 plant records and 172 rdevés
sampled, which equates to only 0.005% and 0.08% of records and relevés that may have
been affected by this error, respectively. Nevertheess, the error was corrected and correct
derivatives were generated for the high frequency plantsin this study.

An additiond eror was discovered in the biomass dgorithm. This occurs when Phytotab-
PC generates grass phytomass vaues for each community, resulting in two phytomass
vaues being generated for one of the species in the last community. This error has dso
subsequently been corrected in the program and hence in the biomass tables in this
dissertation.
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2.3 Redallts
2.3.1 Phytosociologicd dassfication

2.3.1.1 Classfication combining Feeding and Control patches

Eighty-sx feeding and eighty-six control patches were sampled over an 18-month period,
36 feeding and control petches were sampled for the Timbavati herd, 35 on Granite and
one on basdt (the herd moved onto the basdts a the end of the dry season), and 52 feeding
and control patches were sampled for the Mavumbye herd, al on Basalt subdrates.

The phytosociologica ddinegtion of the Feeding and Control rdevés (sampling units or
quadrats) yidded 28 plant communities (Appendix 11).

All feeding dtes and control Stes were not separated into different plant communities after
community ddinegtion, meaning that thee was some ovelgp in species compostion
between feeding patches and control Stes over the duration of the study (see Appendix 11).

Twenty-three (26.75%) of the eghty-Sx feeding patches sampled occurred within the same
community type as its control ste. Conversdy, 73.25% of the feeding patches occurred in
different community types to their control dStes showing that a difference in Species
compogdtion or dructure exised between a lage mgority of the feeding and control
paiches, when consdered as a pared sample eg. reevé 1A (control) and relevé 1 (feeding)
occurred in different communities. This in itsdf is note worthy for a damed bulk-feeder
conddering the relatively fine sampling scae.

Feeding and control patches occurred together in each of the twenty-eght communities
(though not necessxrily the experimental and its control counterpart). This means that
when feeding and control trestments are conddered on a non-par-wise bass, but rather as
two groups, they share smilar floritics.

While a degree of overlgp exids in the florisics of feeding and control patches
phytosociologica clasdfications only teke cognisance of the presence or absence of a
given species when dassfying communities, and not their rdative or absolute abundances.
Thus a perennid grass or woody plant occurring in a number of dtes with a high
cover/abundance has the same influence on a classfication as an anud grass or ephemerd

forb with a low cover/abundance, dso occurring in a number of Stes. This was observed in
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this dasdfication in cetan communities whereby a species that was diagnogtic according
to the dassfication due to its occurrence in a number of relevés for a given community,
occurred a a very low abundance in each rdevé. One example would be the occurrence of
Ormocarpum trichocarpum a lowest recordeble a@bundance in community 15, yet it
emerges as one of the diagnostic species for that community.

2.3.1.1.1 Resultsof randomisation test

In the actud data 27% of the time the control and trestment Stes are in the same
community (or 73% of the time they are in different communities). If you randomly assign
feeding and control gStes to the different communities, on average they would be in the
same community 12% of the time. Thus in the observed daa treetment and control Stes

are more of ten seen in the same community than you might expect.

2.3.1.2 Classfication of feeding patches

Phytosociologica  ddlinegtion of only the feeding petches was done to describe buffdo
hebitat characteridics, yidding 5 communities. Some of the datidics pertaning to the
classfication are as follows:

Totd rdevés 86 Totd communities 5
Totd gpecies 200 Totd speciesgroups 13
Totd diagnogtic pecies 104 Tota non-diagnogtic goecies 96

Diagnodtic proportion: 52%

Community types
Thefollowing communities have been named according to the following guiddines:
i) The diagnogtic graminoid and woody plant for each community.
i) The vegetation dructure classfied according to the criteria st out by Edwards
(1983).
i) The dominant undelying subdrate for each community, determined using
ArcvienO3.2a to superimpose sampling points onto the underlying Land Types
(Venter, 1990) datalayer.



2.3.1.2.1 Community typeson Basat underlying geology — Mavumbye herd

A. Community 1
Shrub Combretum mossambicensg/Aristida adscensionis Tdl Sparse Shrubland
community on Basdt subgrate.

This was the largest community, condgting of the grestest number of rdevés (32). The
community incuded admogs exclusvedy, patches that occurred on Basdt deived soils
utilised by the Mavumbye herd. Two of the Timbavati herd's paches dso fdl into this
community; one on a Gabbro deived soil, dso high in day content and thus exhibited
amilar vegetative characteridics, and the other on Basdt. The Basdt pach used by
Timabavati occurred during the dry seeson of 2002, when the herd moved dgnificant
digances in order to find suitable forage. This community predominantly characterised the
vegetation characteridics of the Middope and Footdope feeding petches A summay of
the relevés condtituting this community are listed in Table 2.

Community gatistics

Totd rdevésin community: 32

Totd gpeciesin community: 85

Totd diagnogtic speciesin community: 55

Diagnodtic proportion: 64.71%

Speciesrichness in terms of mean species per rlevé 14

Table 2: Ligt of rdevésthat condtitute this community and their respective catena
positions, Land Type classfication (Venter, 1990), season sampled, herd affiliation and
aspect.
Rdevé Catena LaxdType  Herd Aspect Gedlogy Season

2  Footdope Satara M East Basdt Late wet
4  Middope Satara M South-East Basdlt Late wet
17 Middope Satara M North-West  Basdt Early dry
61 Footdope Mawumbye M East Basdt Late wet
18 Middope Maumbye M South-West  Basdlt Ealy dry
5  Footdope Satara M South-East Basdt Ealy dry



13 Cregt Satara M North-West  Basdt Early dry
24 Middope Maumbye M South-East Basdlt Late dry
32  Middope Mawumbye M East Basdt Late dry
19 Middope Satara M West Basdt Early dry
20 Middope Satara M West Basdt Early dry
85 Vdleybottom Maumbye M South Basdlt Late dry
58  Footdope Satara M East Badt Late wet
49  Middope Satara M  South-West Basdt  Early wet
84  Footdope Satara M East Basdt Late dry
83 Middope Satara M West Basdt Late dry
5 Cret Satara M North-West  Basdt Late wet
51 Middope Satara M East Basdlt Early wet
80 Middope Satara M West Basdt Ealy dry
47  Cres Maumbye M North Basdlt Early wet
46  Middope Mawumbye M East Basdt Early wet
29  Middope Satara M East Basdt Late dry
77  Footdope Mavumbye M North Basdt Early dry
79 Cret Orpen T North Gabbro  Ealy dry
73 Middope Maumbye M South-East Basdlt Late wet
78 Cret Satara M South-East Badt Early dry
70  Middope Satara M South-East Basdt Late wet
74  Cret Mawumbye M East Basdt L ate wet
71  Middope Mavumbye M East Basdt Late wet
50 Middope Satara M South Basdlt Early wet
68  Footdope Satara M South Badt Late wet
42  Footdope Satara T North-East Basdt Late dry
Key species of community

The “Key species’ file is extracted from the “Community Compodtion Andyss’ output
file of PhytotabPC. Key species are those classfied as strong and wesk competitors,
which are those species that lie outdde, aove (dtrong) and beow (week), the standard



errors of the means for the regressons of cover to frequency retios for the species of each
growth form class within each community.
Only the strong competitors are reflected in Table 3.

The key species for this community are those rdaively diagnogic for the subgrates they
occurred on. Due to the day propeties of the soil very few lage trees are found in this
community, but rather their sunted forms eg. A. nigrescens. The most widespread grass
across the catena sequence was Setaria incrassata that can be found commonly from the
valey bottoms through to the creds It is often associated with aress of temporary or
Seasond waer inundation (ven Oudtshoorn, 1999). The footdopes were prolific with
Soorobolus ioclados, while in the dightly more degraded and wadl-utilised patches
Urochloa mosambicensis was dominant.

Table 3: Key species/'Strong competitors for each growth form class:
Trees Shrubs Dwarf shrubs Grasses Forbs

Dichrostachys

cinerea Acacia nigrescens  Setaria incrassata Hemizygia petrensis
Combretum Urochloa Heliotropicum
mossambicense mosambicensis steudneri
Sporobolus
cunsimilis

Soorobolusioclados

Dominant species of community

This gpplication in the Phytotab-PC program requires a percentage canopy cover vaue be
entered as a “cut-off”’, bdlow which species are excluded from the “Dominant” class. |
ubjectively chose 0.1% as the cut-off, which then only included a few species that | fdt
would truly reflect the dominant species for tha community type namdy those with above
average canopy covers. Urochloa mosambicensis was the most dominant grass species of
this community. A lig of the dominant species for this community gppearsin Table 4.



Table 4: Dominant species in community with respect to percentage canopy cover (only
top three ligted)

Soedies % Canopy cover
Urochloa mosambicensis 546
Panicum maximum 2.65
Staria incrassata 255

Grass biomass

Mean grass phytomass edimates, illudraies the abundance of species in this community
(Table 5). The grass species liged as dominant species for this community dso compute
the highest biomass figures.

Table 5: Mean community grass biomass in order of ascending abundance.

Mean cover (%) Mean biomass
(kg/ha)
Eragrogtis rigidior 0.00 0.64
Aristida congesta subsp. barbicollis 0.00 0.64
Sorghum versicolor 0.00 0.64
Urochloa panicoides 0.00 214
Enneapogon scoparius 0.00 2834
Fingerhuthia africana 0.01 429
Eragrostis superba 0.00 492
Brachiaria eruciformis 0.03 6.04
Brachiaria deflexa 0.02 7.68
Chlorisvirgata 0.05 9.90
Enneapogon cenchroides 0.06 1205
Bothriochloa insculpta 0.07 1544
Aristida adscensionis 0.08 1657
Heteropogon contortus 0.17 1764
|schaemum afrum 021 201
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Schmidtia pappophoroides 0.28 2551

Soorobolusioclados 1.26 2823
Bothriochloa radicans 0.29 4161
Digitaria eriantha 0.29 43.00
Cenchrusciliaris 08 62.55
Themeda triandra 081 7792
Panicum coloratum 0.59 104.42
Staria incrassata 255 133.09
Panicum maximum 265 17810
Urochloa mosambicensis 546 21504

Totds 1567 1033.07

Community gructure

The woody layer was composad of very few trees with sparse shrubs and dwarf shrubs and

a modeate under dorey of grass A quantitative and graphicad breskdown of the
community structure is provided in Table 6 and Figure 5 respectively.

Table 6: Community structure arranged by growth form. Cover va ues represent projected

crown cover:

Growth form Cover  Proportion
Tree 000% 001%
Shrub 016% 0.92%
Dwarf shrub 0.36% 202%
Grass 1567% 89.32%
Forb 1.36% 1.73%
Tota dass cover 17.54%




Growth form proportions

1
0.8
0.6
0.4
0.2

0

Proportion

Tree Shrub Dwaf Grass Forb
shrub

FHgure 5: Higtogram showing the proportiona cover of each growth form in community.

B. Community 2
Shrub Gymnosporia buxifolia/Enneapogon scoparius Tal Sparse Shrubland on Basdlt.

This community condsts of 15 rdevés 14 dStuated on Basdt derived soils, and one on
gabbro subdrae this being the only rdevé utilissd by the Timbavai herd in this
community. The herbaceous layer has a moderate canopy cover with four of the top five
preferred species occurring @ the highest biomass. This community is comprised of
predominantly footdope and vdley bottom reeches. A full lig of the rdevés condituting
this community gopearsin Table 7.

Community datigics
Totd rdevésin community: 15

Totd gpeciesin community: 82

Totd diagnogtic peciesin community: 53

Diagnostic proportion: 64.63%

Species richness in terms of mean species per rlevé 14
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Table 7: Ligt of rdevés that condtitute this community and their respective catena position,

Land Type dassfication (Venter, 1990), season sampled and aspect.

Rdevé Catena LaxdType Herd  Aspect Gedogy  Season
30 Footdope Mawumbye M North Basdlt Late dry
36 Footdope Maumbye M West Badt Late dry
27 Vdley bottom Maumbye M East Basdt Early dry
35 Footdope Maumbye M Nodaa Basdt Late dry
1 Middope Mavumbye M South-East Basdt Late wet
39 Cres Satara M  South-West  Basdt Late dry
7  Middope Mawumbye M East Basdlt Late wet
65 Vdley bottom Maumbye M South Basdt Late wet
41 Middope Satara M Wes Basdlt Late dry
60 Footdope Satara M  South-West  Basdt Late wet
8 Middope Maumbye M East Basdt Late wet
57 Vdley bottom Satara M South Basdlt Early wet
22 Vdley bottom Orpen T North Gabbro  Ealy dry
86 Vdley bottom Maumbye M East Basdt Early dry
44  Footdope Satara M North Badt Late dry

Key spedies

The key species for this community (Table 8) are dl diagnogtic for the lower reach catend

postions. Larger trees are a feature of this community dong the vdley bottom The two

Sporobolus species were widespread aong the lower reaches. Urochloa mosambicensis

agan emerges as akey species for this community.



Table 8 Key Species/Strong Competitors for each growth form class

Trees Shrubs Dwarf shrubs Grasses Forbs

Lonchocarpus

capassa Acacia tortillis  Acacia nigrescens Sporobolusioclados  Vernonia sp.
Urochloa

Flueggeavirosa  mosambicensis

Cenchrusciliaris

Sooroboluscunsimilis

Daominant species

Of the three species lised in Table 9. Sporobolus cunsmilis did not occur in many feeding
paches Due to most of the patches in this community occurring in the lower catend
reaches, both Sporobolus sp. feature strongly aong with Cenchrus ciliaris.

Table 9: Dominant species in community with repect to percentage canopy cover

Species % Canopy Cover
Cenchrus ciliaris 2.37
Urochloa mosambicensis 231
Sooroboluscunsimilis 1%

Grass biomass
Urochloa mosambicenss and Cenchrus ciliaris had the highet phytomass in this
community. The complete species ligt of grass biomass estimates appearsin Table 10.
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Table 10: Mean community grass biomassin order of ascending abundance.
Mean cover (%) Mean biomass (kg/ha)
Aristida adscensionis 0 148

Aristida congesta subsp. congesta 0 148
Dactyl octenium aegyptium 0 148
Eragrostis cilianensis 0 148
Bothriochloa insculpta 0 4.44
Cyperus 9. 0.03 8.85
Aristida congesta subsp. barbicollis 0.03 1638
Ischaemum afrum 0.17 1995
Bothriochloa radicans 011 261
Setaria incrassata 0.06 2376
Enneapogon cenchroides 0.24 2452
Heteropogon contortus 0.24 2748
Shoroboluscunsimilis 14 4350
Eragrostis superba 0.23 45.29
Schmidtia pappophoroides 042 4757
Digitaria eriantha 0.78 53.36
Panicum coloratum 03 57.62
Enneapogon scoparius 106 5847
Soorobolusioclados 13 6859
Themeda triandra 042 7749
Panicum maximum 0.61 114.05
Cenchrus ciliaris 237 15228
Urochloa mosambicensis 231 18213
Totas 1263 1054.24

Community structure
Trees form an integrd dructurd component of this community with shrubs and dwarf
shrubs largdy absent in the understorey (Table 11). The dbsence of smdler woody growth
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forms reduces the overdl woody dendty. This community has a rddivdy high grass
biomeass (Figure 6).

Table 11: Community structure arranged by growth form.

Growth form Cover  Proportion
Tree 004% 0.34%
Shrub 0.11% 0.86%
Dwarf shrub 0.11% 0.82%
Grass 1263%  96.15%
Forb 0.24% 183%
Total dass cover 13.13%

Growth form proportions

0.8
0.6
0.4
0.2

Proportion

Tree Shrub Dwarf Grass Forb
shrub

Fgure 6: Higtogram showing the proportion each growth form contributes to the

community.

C. Community 3
Dwarf shrub Acacia xanthophloea/Sporobolus cunsimilis Tal Sparse Shrubland

community on Basdt.

This predominantly wet season community was composed of patches of the lower reaches
of the hilldope sequence. The community is floridicdly farly disinct from the other two
communities of the Mavumbye herd, due to the dominance of riverine spedies, epecidly
those found in the river channd. Structurdly woody plants are largdy absent from the
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community with a very high herbaceous content. A full lig of the rdevés for this
community gopearsin Teble 12.

Community Statigics

Totd rdevésin community: 6

Totd gpeciesin community: 21

Totd diagnodtic speciesin community: 8

Diagnogtic proportion: 38.10%

Speciesrichness in terms of mean species per rlevé 5

Table 12: Ligt of reevésthat condtitute this community and their repective catena
positions and Land Type classfication (Venter, 1990).

Relevé Catena Land Type  Season Herd Aspect Gedogy
3  Footdope Satara Wet M East Badt
6  Footdope Mawumbye Wet M South Basdt
12 Footdope Mawumbye  Dry M South-West Basdlt
62 Footdope Maumbye Wet M South Basdt
54 Vadley bottom Satara Wet M  South-West Basdlt
23 Vdley bottom Mawumbye  Dry M North-East Basdlt

Key species
The only two key species were Sporobolus ioclados and Cenchrus ciliaris both of which
are prolific on these subdrates No other growth form feastured as a key Species for

Community 2 (Table 13).

Table 13: Key Species/Strong Competitors for each growth form class
Trees Shrubs Dwarf shrubs Grasses Forbs
Sporobolusioclados

Cenchrusciliaris




Dominant species
Sporobolus cunsimilis and Sporobolus ioclados both exhibit very high canopy covers in

this community, resulting largely in their aerid dominance of the herbeceous layer. S
cunsmilis is an abundant grass in the perennid dranage sysems of the areg, and its
overwhedming presence in feeding patches is a result of its proximity to drinking weter.
The dominant grass species for this community are listed in Table 14.

Table 14: Dominant gpecies in community with respect to percentage canopy cover

Species % Canopy Cover
Soorobolus cunsimilis 9.26
Soorobolusioclados 823
Cenchrusciliaris 3.78

Grass biomass

Soorobolus ioclados and Sporobolus cunsimilis comprise 56 percent of the totd
community grass biomass. Panicum coloratum and Urochloa mosambicensis aso have
relaively high biomass edimaes in comparison to the bdance of the grasses in the
community (Table 15).



Table 15: Mean community grass biomassin order of ascending abundance.

Mean Mean
cover biomass
(%) (kg/ha)
Ischaemum afrum 0 3.70
Heteropogon contortus 0 370
Chloris gayana 0 3.70
Unknown . 0 3.70
Brachiaria nigropedata 0.02 1144
Chloris pycnothrix 0.07 2213
Panicum maximum 0.07 2583
Setaria incrassata 1.08 7446
Cenchrus ciliaris 3.78 9316
Urochloa mosambicensis 1.09 10594
Panicum coloratum 1.09 10964
Soorobolusioclados 823 266.12
Sooroboluscunsimilis 9.26 325.30
Totas 2469 1048.80

Community gructure
The community dructure is composed dmost exdusvey of grass with a minor
contribution of dwubs Teble 16 and Fgure 7 provide quantitative and graphicd data on

community structure.




Table 16: Community structure arranged by growth form.

Growth form Cove Proportion
Tree 0.00% 001%
Shrub 042% 168%
Dwarf shrub 0.00% 0.02%
Grass 24.6% 98.22%
Forb 002% 007%
Totd class cover 25.14%

Growth form proportions

0.8
0.61
0.4
0.21

Proportion

Tree Shrub Dwarf Grass Forb
shrub

Fgure 7: Histogram showing the proportion each growth form contributes to the

community.

2.3.1.2.2 Community types on Granite underlying substrate— Timbavati herd

D. Community 4

Tree Acacia gerrardii/Eragrostis trichophora Low sparse woodland community on
Gabbro and Gneiss

This community is predominantly on the Gabbro Landtype, with one peich occurring on
the Ecca Shde sedimentay soils During the extreme dry conditions of 2002, the
Timbavati herd moved into the neighbouring Manydei provincid game reserve, located
on the western boundary of the study area. No fences redtrict game movement between the
two resarves and as such two of the feeding paiches occurred in the Manyeeti. Venter
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(1990) did not dassfy the neighbouring private and provincd resarves comprisng the
Greater Kruger Nationd Park, and as such a Land Type dassfication for them does not
exig. Hence, the geologicd filition for these two feeding peatches was inferred from the
neighbouring Land Type within the KNP. The mgority of the patches occurred on
middopes over the wet season, when waer availability was not a limiting factor and herds
could source patches further away from perennid water sources. The subsequent species
assemblages thus represent patches on the arid end of a continuum. Despite the different
underlying geology, the presence of the same dominat species found in paches on
basdts can be seen on the granitic soils too. The full lig of rdevés in this community

aopearsin Table 17.

Community Statigics

Totd rdevésin community: 10

Totd gpediesin community: 80

Totd diagnogtic species in community: 60

Diagnodtic proportion: 75%

Species richness in terms of mean species per rdlevé 23

Table 17: Lig of rlevésthat condtitute this community and their respective catena
postions, Land Type dassfication (Venter, 1990), season sampled and aspect.

Relevé Catena LadType Season Herd  Aspect Gedlogy
53 Middope Orpen Wet T East Gabbro
67 Middope Muzendzeni Wet T  East Gnaiss
63 Middope Manydeti* Wet T Wes Gness
75 Footdope Orpen Wet T  North Gabbro
76  Middope Orpen Wet T  South Gabbro
48 Middope Vutome Wet T  Noth-West Eccadde
11 Footdope Orpen Wet T  South Gabbro
66 Vadley bottom Muzandzeni Wet T  East Gness
64 Footdope Manydeti* Wet T Noth-East Gness
81 Middope Orpen Dry T Eadt Gabbro




Key species

Acacia gerrardii is a key component of this community, especidly common on the gness
derived soils A mixture of fine-leaved @cacia $p. and Dichrostachys cinerea) and broad
leaved (Combretum apiculatum and Bolusanthus speciosus) plants characterise the woody
component of this community. Digitaria eriantha, with its high lesf proportion, is the only
key grass species. Digitaria eriantha commonly occurs on these Land Types where rocky
aress abound, made possble due to its stoloniferous root sysem (where other grasses have
difficulty egablishing themsdves) as wel as sandy and gravely soils (van Oudtshoorn,
1999); conditions that are common in granitic arees. Table 18 ligs dl the key species for
this community.

Table 18: Key Species'Strong Competitors for each growth form class

Trees Shrubs Dwarf shrubs Grasses Forbs
Dichrostachys

Acacia gerraddii  cinerea Acacia nigrescens Digitariaeriantha  Indigofera sp.
Combretum
apiculatum Acacia karroo
Bolusanthus
Speciosus
Dominant species

Digitaria eriantha was the mog dominant species (Table 19). Forbs ae common on the
sandy soils with species of the Indigofera genus egpedidly pradlific in the wet months
Themeda triandra was often present in feeding petch communities, even though buffdo
only feed moderatdly onit (Macandza et al., 2004).

Table 19: Dominant speciesin community with respect to percentage canopy cover.

Species % Canopy Cover
Digitaria eriantha 265
Indigofera sp. 259
Themedatriandra 119
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Grass biomass

As the dasdfication of this community implies - low open grasdand - the standing crop of
grass was rdatively low despite the literd absence of competing woody plants. This can be
asribed in pat to the dominant species of the community Urochloa mosambicensis,

having a low sorawling growth form that is not conducive to the build-up of biomass

Digitaria eriantha was the grass species with the highest biomass in this community

(Table 20).

Table 20: Mean community grass biomass in order of ascending abundance.

Mean Mean

cover biomass

(%) (kg/ha)
Arigtida congesta subsp. barbicollis 0 222
Panicumdeustum 0 222
Enneapogon scoparius 0.01 9.08
Eragrostis trichophora 0.01 9.08
Brachiaria deflexa 0.01 9.08
Soorobolusioclados 0.01 9.08
Eragrostisrigidior 0.04 17.71
Cenchrusciliaris 0.09 1934
Schmidtia pappophoroides 01 2842
Brachiaria nigropedata 0.08 2877
Heteropogon contortus 0.08 3543
Bothriochloa radicans 0.08 40.73
Eragrostis superba 0.28 6893
Urochloa mosambicens's 043 80.29
Panicum maximum 1 11943
Panicum coloratum 0.82 13545
Cymbopogon plurinodis 0.81 140.61
Themedatriandra 119 1746
Digitaria eriantha 2.65 23221
Totds: 7.69 1162.73




Community structure

Woody plants contribute drongly to the community structure. The grass proportion was
rddivdy low with a high proportion of forbs present in the substraum. Table 21 and
Figure 8 provide quantitative and graphica representation of the community structure

respectively.

Table 21: Community structure arranged by growth form.

Growth form Cover Proportion
Tree 0.88% 6.81%
Shrub 040% 313%
Dwarf shrub 0870 6.78%
Grass 76%0 59.84%
Forb 301% 2344%
Total dass cover 12.86%

Growth form proportions

0.8
0.6 1
0.4
0.2

Proportion

Tree Shrub Dwaf Grass Forb
shrub

Fgure 8: Higogram showing the proportion each growth form contributesto the

community.

E. Community 5
Dwarf shrub Gymnosporia buxifolia/Urochloa oligotricha Low Sparse Woodland
community on Gabbro and Gneiss
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Sx of the twenty-three rdevés occurred on Gneiss, and one on Ecca Shale with the
mgority of patches occurring on Gabbro subdrate. The geomorphologicd  units are spreed
aooss dl pogtions but the mgority ae made up of middopes Community four
represented the wet season sdlection of patches on the granitic soils, while this community
largely represents the dry season feeding patch community. Table 22 ligs dl the rdevés, as

well as severd of ther etributes, of the community.

Community getigtics

Totd rdevésin community: 23

Totd speciesin community: 113

Totd diagnogtic peciesin community: 67

Diagnogtic proportion: 59.29%

Species richnessin terms of mean species per rlevé 18

Table 22: Lig of reevésthat condtitute this community and their repective catena
positions, Land Type dassfication (Verter, 1990), season sampled and aspect.

Reevé Catena LadType Season Herd  Aspect Geology
55 Vadley bottom Muzandzeni Wet T  North Gness
69 Cret Muzandzeni Wet T  South Gneiss
82 Footdope Orpen Dry T  Souh Gabbro
45 Cret Vutome Dy T East Eccadhde
21 Vdley bottom Orpen Dy T North Gabbro
37 Vdley bottom Muzandzeni Dry T  Eadt Gnelss
72  Middope Orpen Wet T East Gabbro
33  Middope Muzandzeni Dry T  Souh-East Gness
43  Footdope Muzandzeni Dry T North Gness
26 Middope(lower)  Orpen Dy T North Gabbro
25 Middope Muzandzeni Dry T  North Gnelss
28 Middope Muzandzeni  Dry T East Gness
31 Middope Orpen Dry T North-West  Gabbro
56 Middope Muzandzenir Wet T  East Gness
16 Cret Orpen Dy T West Gabbro
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38 Crest Muzandzeni Dry T  South-East Grass
40 Middope Orpen Dry T  North Gabbro
52 Crest Orpen Wet T North Gabbro
15 Footdope Orpen Dry T  Noth-West Gabbro
34  Middope Orpen Dry T North Gabbro
10 Footdope Orpen Wet T North-West  Gabbro
9 Middope Orpen Wet T  Souh-East Gabbro
14  Footdope Orpen Dy T North Gabbro
Key species

Due to the mgority of the patches occurring in the upper reeches of the hilldope, broad-
leaved plants are strongly represented in this community. The sdection of the herds for
patches in sandy soils over the dry seeson may reae to the soil’'s lower CEC (cation
exchange cgpacity) meking more soil moidure available to rooted plants that may in tumn
result in greener plants. Woody plants dominate the key species for this community due to
ther rdative abundance. The grass Digitaria eriantha again features as an integrd
component of feeding paiches on sandier soils. Forb ratios are dso high. The full lig of

Key Species gppearsin Table 23.

Table 23: Key Species'Strong Competitors for each growth form dass

Trees Shrubs Dwarf shrubs Grasses Forls
Combretum  Combretum
apiculatum  hereroense  Acaciaexuvialis  Sporobolusioclados Indigofera 9.
Dalbergia Ximenia Ydlow duger
melanoxylon  americana Digitaria eriantha look-dike
Euclea
divinorum Abutilon .
Dominant species

In spite of the srong presence of woody plants in this community, grasses contributed the
most to the overdl percentage canopy cover. Digitaria eriantha was once agan the most



dominant species in patches utilised by the Timbavati herd. The two grass species that
computed dominant for this community are listed in Teble 24.



Table 24: Dominant speciesin community with respect to percentage canopy cover.

Species % Canopy Cover
Digitaria eriantha 499
Themedatriandra 1A
Urochloa mosambicensis 135

Grass biomass

This community had the highes mean grass biomess of any of the communities which
condsted predominantly of preferred species (Macandza et al., 2004). The other species
occurring in the patch were of avery low biomass (Table 25).

Table25: Mean community grass biomassin order of ascending abundance.

Mean Mean

cover biomass

(%) (kg/ha)
Enneapogon scoparius 0 0.97
Eragrostislook-dike 0 0.97
Chloris gayana 0 0.97
Eragrostis trichophora 0 097
Brachiaria nigropedata 0 097
Cymbopogon excavatus 0 193
Perotis patens 0 298
Chloris mossambicensis 0 298
Unidentifigble 0 298
Aristida congesta subsp. congesta 0 395
Eragrostis cilianensis 0 395
Pogonarthria squarrosa 0.01 5.88
Melinis repens 0.04 841
Bothriochloa inscul pta 0.02 8.76
Melinis repens 004 937
| schaemum afrum 004 11.39
Aristida congesta subsp. barbicollis 0.06 1707
Eragrogtis rigidior 0.03 1955



Sorobolusioclados 112 2514

Schmidtia pappophoroides 014 255
Urochloa oligotricha 0.26 30.16
Setaria incrassata 0.26 3029
Bothriochloa radicans 04 4354
Heteropogon contortus 0.26 5760
Eragrostis superba 03 68.36
Cymbopogon plurinodis 043 76.60
Panicum coloratum 0.66 7966
Panicum maximum 0.72 96.92
Urochloa mosambicensis 135 161.09
Themedatriandra 1 164.63
Digitaria eriantha 4.99 27649
Totas 131 1249.03
Community gructure

The plat dructure of this community largdy typifies the overiding feeding patch
dructurd charecterigics by there being a dominant herbaceous layer interwoven with
dwarf shrubs, shrubs and the intermittent tree.

The overdl dructure of this community concurs with previous South African dudies
whereby open grasdands and bushved habitats are those generdly preferred by buffao.
(Ryan, Knechtd & Gez, 2006, Fungon et al., 1994). The proportion esch growth
contributed to the overal community structure are presented in Table 26 and Figure 9.



Table 26: Community structure arranged by growth form.

Growth form Cover Proportion
Tree 0.8%%0 520%
Shrub 162% 946%
Dwarf shrub 094% 5.48%
Grass 13.06% 76.18%
Forb 063% 368%
Totd class cover 17.15%

Growth form proportions

0.8 1
0.6 -
0.4 -
0.2 1

Proportion

Tree Shrub Dwarf  Grass Forb
shrub

Fgure 9: Histogram showing the proportion each growth form contributes to the

community.

2.3.1.3 Classfication of control patches

2.3.1.3.1 Community typeson Granite subdtrate

F.  Community 1

Dwarf shrub Combretum apiculatumUrochloa oligotricha Low Open Woodland
community on predominantly Gabbro and Gness

This community is composed of upper dope paches. As a mgority of feeding patches

occurred on the lower reaches of the hilldope sequence, the neighbouring control patches
often fdl on higher reaches. Sx of the paiches are dfiliated to the Mavumbye herd
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occurring on the basdt plains however the mgority of the paiches were measured on the
granite soils. Two avoided grass species (Macandza et al., 2004) occur as dominant species
in this community namdy, Bothriochloa radicans and Eragrostis rigidior. While a large
overlgp in the presence and absence of species occurs between feeding patches and ther
controls, normaly avoided species fegture dominantly in control paiches. This dludes to
the fact tha one of the dominant sdection criteria for buffdo may be a criticd mass of
preferred species in relaion to avoided ones. This is supported by the high species
diverdty seen in this community across dl growth forms. Woody dructure is dominant
with high projected canopy covers for both trees and dwarf dhrubs. Table 27 provides a list
of dl the rdlevés condtituting this community.

Community Statigics

Totd rdevésin community: 33

Totd speciesin community: 127

Totd diagnogtic pecies in community: 51

Diagnodtic proportion: 40.16%

Species richness in terms of mean species per rlevé 19

Table 27: Ligt of reevésthat condtitute this community and their respective catena
postions and Land Type classfication (Venter, 1990).

Relevé Catena Lad Type Season Herd Aspect Geology
1 Middope (upper) Mawumbye Wet M South Baslt
34 Middope Orpen Dry T North-West  Gabbro
22 Middope Orpen Dry T North Gabbro
41 Middope Satara Dry M Wes Basdt
21 Footdope Orpen Dry T North-West ~ Gabbro
59 Crest Satara Wet  Mal7 West Baslt
78 Crest Satara Dry M South-East Basdt
40 Cred (lower) Orpen Dry T North Gabbro
10 Cres Orpen Wet T North Gabbro
9 Cres Orpen Wet T South-East Gabbro
49 Cres Satara Wet M  South Basdt
43  Middope Muzandzeni  Dry T South Gnass



37 Middope Muzandzeni Dry T North Gneiss
55 Cregt Muzandzeni Wet  Tdl North-East  Gneiss
58 Middope Satara Wet M East Basdt
52 Credt Orpen Wet T North-East ~ Gabbro
16 Middope Orpen Dry T West Gabbro
28 Cres Muzandzeni  Dry T North-East Gneiss
11 Cres Orpen Wet T East Gabbro
64 Sexine Manydeti* Wet S East Gnass
63 Middope (lower) Manydeti* Wet S West Gneiss
15 Footdope Orpen Dry T South-East Gabbro
29 Footdope Satara Dry M South-West Basdt
56 Cregt Muzandzeni Wet Tdl South Gneiss
31 Middope Orpen Dry T West Gabbro
33 Footdope(onmiddope)  Muzandzeni  Dry T West Gness
81 Middope (lower) Orpen Dry Sa38 West Gabbro
72 Crest Orpen Wet S North Gabbro
69 Middope Muzandzeni Wet S South-East Gneiss
66 Middope Muzandzeni Wet S North Gneass
25 Middope Orpen Dry Tb3 South-East Gabbro
82 Middope Orpen Dry  Sa38 North Gabbro
75  Middope (Upper) Orpen Wet S East Gabbro
Key species

Digitaria eriantha occurred in both feeding paich communities on granite subdrate, and
ds dominates in this control community. Bothriochloa radicans and Eragrostis rigidior
occur as key species in this community. A number of woody plants dso hold key postions
in the community, due to the high projected canopy covers of these growth forms The full
ligt of Key Spedies for the community gopearsin Table 28.
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Table 28: Key Species/Strong Competitors for each growth form class.

Trees Shrubs Dwafdrubs  Grasses Forbs
Acacia Combretum Peltophorum Heliotropicum
nigrescens  apiculatum africanum Digitaria eriantha steudneri
Acacia
Acacia exuvialis  nigrescens Bothriochloa radicans

Eragrostisrigidior

Dominant species

Digitaria eriantha was the mogt dominant grass in this community. Bothriochloa radicans
was the second mogt dominant plant in the petch, magindly more 0 then Themeda
triandra (see Table 29).

Table 29: Dominant pecies in community with respect to percentage canopy cover.

Species % Canopy Cover
Digitaria eriantha 271
Bothriochloa radicans 158
Themeda triandra 141

Grass biomass

Digitaria eriantha accounted for the highes grass biomess in this community. This
community hed high grass gpecies diversty (see Table 30), paticulaly with a high number
of unpaatable species (van Oudtshoorn, 1999).



Table 30: Mean community grass biomassin order of ascending abundance.

Mean Mean

cover biomass

(%) (kg/ha)
Fingerhuthia africana 0 0.67
Chloris gayana 0 0.67
Arigida sp. 0 0.67
Dactyl octenium aegyptium 0 0.67
Trichoneura grandiglumis 0 0.67
Brachiaria deflexa 0 0.67
Tragus berteronianus 0 0.67
Enneapogon scoparius 0 135
Chlorisvirgata 0 135
Soorobolusioclados 0 208
Eragrostis chloromelas 0 208
Tricholaena monachne 0 269
Eragrostis cilianensis 0 2.75
Cymbopogon excavatus 0 275
Pogonarthria squarrosa 0.01 550
Setaria 9. 0.03 5.86
Eragrostis trichophora 0.03 6.53
Bothriochloa insculpta 0.02 6.78
Enneapogon cenchroides 0.01 6.91
Aristida congesta subsp. congesta 0.01 758
Brachiaria nigropedata 0.05 820
Eragrostis gummiflua 0.08 9.74
Urochloa oligotricha 0.05 14.71
Aristida congesta subsp. barbicollis 004 2020
Eragrogtis rigidior 091 3326
Heteropogon contortus 014 3746
Staria incrassata 0.37 40.39

Panicum maximum 0.14 54.46



Cymbopogon plurinodis 0.27 69.18

Schmidtia pappophoroides 0.86 74.78
Eragrostis superba 057 7515
Urochloa mosambicenss 0.86 89.71
Panicum coloratum 0.86 111.25
Themedatriandra 141 11304
Bothriochloa radicans 158 132.60
Digitaria eriantha 271 20042
Totas 1101 114344
Community sructure

Projected canopy covers for trees and dwarf shrubs were very high in comparison to both
other control paiches as well as feeding paiches (Table 31). This inevitably results in a
lower overdl cover of grass due to interpecific competition. Figure 10 provides a

graphica representation of the community structure.

Table 31: Community Sructure arranged by growth form.

Growthform Cover Proportion
Tree 117% 1.84%
Shrub 0.28% 1.90%
Dwarf shrub 161% 10.75%
Grass 11.01% 735%
Forb 0.88% 591%

Totd dlasscover 14.96%
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Fgure 10: Histogram showing the relative proportion each growth form contributes to the

community.

G. Community 2
Shrub Euclea divinorunmyDiheteropogon amplectens Low Sparse Woodland on
predominantly Gabbro and Gneiss

The geologicd split of this community is 60% Gabbra/Gneiss and 40% Basdt. Due to the
higher proportion of Granitic peatches, this community was deemed more representative of
control paiches on Granite than Basdt. No definite caend or seasond effiliation is
goparent, with Vdley Bottoms postions absent (Table 32). Two wel-utilised grass species
feature as key spedes in this community, Digitaria eriantha and Panicum maximum Due
to the crosssection of catenas, key species from both upper and lower dopes are presant.
The community phytomass is lower than any computed for feeding patches. Bothriochloa

radicans again features in the top four grass speciesin terms of biomass.

Community datigics
Totd rdevésin community: 15

Totd gpeciesin community: 106

Totd diagnogtic species in community: 43

Diagnodtic proportion: 40.57%

Species richness in terms of mean species per rlevé 18



Table 32: Ligt of rdevésthat condtitute this community and their respective catena
postions and Land Type classfication (Venter, 1990).

Rdevé Catena LaxdType Season Herd Aspect Geology
76  Middope (upper) Muzandzeni Wet S South Gness
67 Footdope (on middope) Muzandzeni Wet S Noth-West  Gness
26  Middope (lower) Orpen Dy T South Gabbro
79 Cred Orpen Dry S North Gabbro
39 Cret Satara Dry M West Basdt
5 Footdope Satara Wet  Mall North Basdt
47  Footdope Mawmbye  Wet  Mb5 North Baslt
46 Footdope Mawumbye  Wet Mb5 East Basdt
48 Crest Vutome Wet T North Eccasde
38 Middope Muzandzeni Dry T South Gnass
45 Middope Vutome Dy T East Eccasde
73 Cret Mawumbye Wet M South Basdt
4  Middope Satara Wet M East Basdt
14  Footdope Orpen Dry T North Gabbro
53 Footdope Orpen Wet Tdl East Gabbro

Key species

Panicum maximum and Digitaria eriantha fegture srongly in this community (Table 33),
but may be mediated by the presence of Setaria incrassata and Bothriochloa radicans as
well asahigh cover of forbs (2.76%).

Table 33: Key Species'Strong Competitors for each growth form class

Trees Shrubs Dwarf shrubs Grasses Forbs
Combretum  Combretum Gymnosporia
apiculatum  apiculatum buxifolia Digitaria eriantha Vernonia sp.
Cleome
oxyphylla var.
Euclea divinorum Acacia exuvialis Setaria incrassata oxyphylla

Panicum maximum




Dominant species

Table 34 shows Setaria incrassata to be of moderate biomass within the community yet
has the third highest canopy cover. This high canopy cover provides the microclimate
auitable for the edablishment of Panicum maximum but may adso mask its doundance to

large bodied foraging animas.

Table 34: Dominant speciesin community with repect to percentage canopy cover.
Species % Canopy Cover

Panicum maximum 192
Digitaria eriantha 172
Setaria incrassata 111

Grass biomass

The grass biomass for this community was compardively low, lower than that for any
feeding paich community. Species contributing drongly to the community biomass
indude Bothriochloa radicans, Schmidtia pappophoroides and Setaria incrassata (Table
35).

Table 35: Mean community grass biomassin order of ascending abundance.

Mean Mean
cover biomass

(%) (kg'ha)

Soorobolusioclados 0 148
Enneapogon scoparius 0 148
Eragrostis trichophora 0 148
Fingerhuthia africana 0 2.96
Tricholaena monachne 001 458
Melinis repens 0.01 458
Enneapogon cenchroides 0.01 6.05
Brachiaria nigropedata 0.03 8.85
Cenchrus ciliaris 0.03 8.85



Tragus ber teronianus 0.06 1289

Heteropogon contortus 0.01 1345
Aristida congesta subsp. barbicollis 0.02 1359
Cymbopogon plurinodis 0.02 1507
Diheteropogon amplectens 0.05 17.70
Bothriochloa inscul pta 017 291
Eragrostis rigidior 041 4447
Eragrostis superba 0.24 4495
Themeda triandra 0.38 54.32
Setaria incrassata 111 65.25
Panicum coloratum 0.63 7561
Schmidtia pappophoroides 0.85 85.26
Bothriochloa radicans 0.74 89.25
Urochloa mosambicensis 0.63 112.05
Digitaria eriantha 172 12248
Panicum maximum 192 13191
Totds 9.03 96144
Community dructure

The woody compodtion of this community is moderaie, with a reaivey high forb ratio
(Figure 11). All woody growth forms are well represented (Table 36).

Table 36: Community structure arranged by growth form.
Growth form Cover Proportion

Tree 0.12% 090%
Shrub 094% 7.05%
Dwarf shrub 0.46% 344%
Grass 9.03% 67.88%
Forb 2.76% 20.74%

Totd dass cover 13.30%
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Figure 11: Histogram showing the reletive proportion each growth form contributes to the

community.

2.3.1.3.2 Community types on Basat subgrate
H. Community 3
Shrub Acacia borleag/Lintonia nutans Tal Open Shrubland on Basdt.

The twelve rdevés that comprise this community are made up of predominantly the upper
reeches of the basdt plans sampled over the wet months (Table 37). Forbs contribute
heavily toward the key floridics of this community in terms of projected canopy cover.
The srub proportion was the highes computed for any feeding or control community.
This high shrub biomass is largely attributed to the presence of Acacia borleae, which
grows prolificaly dong the footdopes and middopes of the basdt plains, where it dmost
fooms an impendrable monoculture. Bothriochloa radicans is, as for dl control
communities, a prominent species, having the fourth highest grass species biomass in the
community. Lage trees ae modly absent from this community, which is farly
characterigic of the basdt plans, where large trees are few and dispersed. The most
griking feeture of the community was its very low overal biomass (810.84 kg/ha).

Community gatistics

Totd rdevésin community: 12
Totd gpeciesin community: 69
Totd diagnogtic species in community: 26
Diagnodtic proportion: 37.68%
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Species richnessin terms of mean species per rdevé 15

Table 37: Ligt of rdevésthat condtitute this community and their repective catena
positions and Land Type classfication (Venter, 1990).

Rdevé Catena LaxdType Season Herd  Aspect Geology
83 Middope (upper) Satara Dry M West Basdt
77 Cres Mawumbye  Dry M North Basdt
74 Cret Mawumbye Wet M East Badt
80 Middope (upper) Satara Dry M North Basdt
71 Footdope Maumbye Wet M West Basdlt
84 Middope Satara Dry M East Basdt
51 Middope Satara Wet M East Basdt
3 Cred Satara Wet M  Souh-West Bast
68 Middope Satara Wet M South Basdt
62 Middope Maumbye Wet M North Basdlt
57 Middope Satara Wet  Mal7 East Basdlt
70 Crest Satara Wet M South Basalt

Key species

Sorawling dense gands of Acacia borleae occur dong the mid and lower reaches of this
community, tracking the drainage sysems They had the highest projected canopy of any
growth form or gpecies Ther impendrable growth form mekes these aress lagey
unusable to herds. Severd dwaf shrubs were key species (Table 38); ther sunted forms
laogdy a consequence of the prevaling soil conditions Other then Urochloa
mosambicensis, no other preferred species to buffao featured.



Table 38: Key Species/Strong Competitors for each growth form class.

Trees Shrubs Dwarf shrubs Grasss Forbs
Gymnosporia Urochloa Heliotropicum
Acacia borleae buxifolia mosambicens's steudneri
Ehretia amoena  Lintonia nutans Ceratotheca triloba
Barleria
bleferrous Tephrosia .
Dominant species

Acacia borleae was heavily dominant in this community (Teble 39), undoubtedly acting as
a drong deterrent to herds using the ares, due to the thicket nature of the plant and
subsequent low and inaccessble grazing beow its canopy. Another deterrent may be the
inhibited vigilance to predators while in the thicket, and poor visud and audible contact of
individuds with one another (induding cows with caves). Themeda triandra and U.
mosambicensis were the two dominant grass species of this community, even though the

canopy cover for T. triandra computed reldively low.

Table 39: Dominant pecies in community with respect to percentage canopy cover.

Species % Canopy Cover
Acacia borleae (ghrub) 6.72
Urochloa mosambicens's 184
Themeda triandra 0.97

Grass biomass

The overdl phytomaess for the community was wel bdow thet of feeding petches, indeed
that of the other control patches too. The three mogst abundant species festure amongst the
preferred suite of forage species to buffdo (Macandza et al., 2004), but Bothriochloa
radicans agan mantans a prominent fourth pogtion in the rank of community phytomass
contributors. A detalled grass species lig with specific phytomass and projected canopy
covers gopearsin Table 40.
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Table 40: Mean community grass biomassin order of ascending abundance.

Mean Mean
cover biomass

(%) (kgha)

Tragus berteronianus 0 185
Chlorisvirgata 0 1.85
Arigtida congesta subsp. congesta 0 3.70
Urochloa oligotricha 0.01 572
Enneapogon scoparius 0.01 5.72
Arigtida adscensionis 0.01 757
Heteropogon contortus 0.01 1127
Digitaria eriantha 0.01 131
Cenchrus ciliaris 0.02 1329
Aristida congesta subsp. barbicollis 004 1863
Ischaemumafrum 0.13 2069
Enneapogon cenchroides 021 2864
Bothriochloa insculpta 03 2880
Eragrostis superba 022 3066
Lintonia nutans 041 3228
Setaria incrassata 0.16 3795
Schmidtia pappophoroides 013 4046
Panicum maximum 034 5722
Bothriochloa radicans 05 7526
Themeda triandra 097 104.65
Panicum coloratum 0.67 127.16
Urochloa mosambicens's 184 144.39

Totds: 6 810.84




Community Sructure

The canopy cover of the drubs in this community wes very high (Teble 41). Should
predator detection and hence vishility influence petch sdection, shrub dendty may indeed
have the largest influence on dte sdection as they inhibit vighility a the observation
height of buffdo. Almost no large trees were present and a low grass canopy cover

contributed to alow overdl phytomass.

Table 41: Community sructure arranged by growth form.
Growth form Covear  Proportion

Tree 000% 001%
Srub 6.78% 43.44%
Dwarf shrub 055% 355%
Grass 6.00% 3842%
Forb 228% 145%

Totd dass cover 15.61%

Growth form proportions

Proportion

Tree Shrub Dwarf Grass Forb
shrub

Fgure 12: Hisogram showing the rdaive proportion each growth form contributes to the

community.
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[.  Community 4
Tree Acacia tortillis/Sporobolus cunsmilis Tal Sparse Woodland on Basdlt.

This community predominantly represented the dry season control  petches on  basdt
substrate. While the catena affiliation induded mogt sequences, the mgority were mede
up of middopes Conddering the mgority of feeding peiches in the dry seeson were cdose
to waer the sampling disance to control dtes would generdly place them into the next
caena type namdy, crets or middopes Table 42 provides a detalled breskdown of the
patch landscape specifics.

Community gatisics

Totd rdevésin community: 26

Totd spediesin community: 81

Totd diagnogtic pecies in community: 20

Diagnostic proportion: 24.69%

Feeciesrichness in terms of mean pecies per rlevé 12

Table 42: Ligt of rlevésthat condtitute this community and their respective catena
postions and Land Type cdlassfication (Venter, 1990).

Rdevé Catena LaxdType Season Herd Aspect Geology
8 Middope Mawumbye Wet M West Basdlt
54 Middope Satara Wet M South-West Basdt
86 Middope(lower) Mavumbye  Dry M East Basdt
44  Middope Satara Dry M East Basdlt
85 Footdope Mavumbye Dry M South Basdt
50 Middope Satara Wet M West Basdt
42  Footdope Saara Dry T North-East Basdlt
30 Middope Mawumbye  Dry M North Basdt
60 Middope Satara Wet M North-West  Basdt
65 Middope(lower) Mawumbye  Wet Mal9 East Basdt
32 Creg Mawumbye  Dry M South-East Basdt
24  Middope(lower)  Mavumbye  Dry M South Basdlt
61 Middope Mawumbye  Wet M East Basdt
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36 Footdope Mawumbye  Dry M East Basdt
20 Footdope Satara Dry M South-East Basdlt
17 Middope Satara Dry M West Basdlt
13 Middope Satara Dry M North-West  Basdt
6 Footdope Mawumbye Wet M South-East Badt
7 Cres Mawumbye Wet M East Basdlt
12 Footdope Mawumbye  Dry M South Basdlt
35 Middope Mawumbye  Dry M No data Basdt
19 Cres Satara Dry M West Basdt
27 Middope(lower) Mavwumbye  Dry M North Badt
18 Footdope Mawumbye  Dry M North-East Basdt
23 Vdley battom Mawumbye  Dry M South Basdlt
2 Footdope Satara Wet M North Basdt
Key species

Combretum . that frequent the lower- and middopes ae key species in this community.
Combretum imberbe particularly occurs sporadicaly throughout the basdt plains sanding
like sentinds in a sea of grasdand. Sporobolus ioclados and Urochloa mosambicensis are

the two key grass species. Vernonia p. were difficult to identify to species levd,

epecidly when not  flowering,

ad wee thus only

identified to genus leved, but

undoubtedly encompasses severd species These plants were widespread on the basalt-
derived soils, and can be found on both under- and over-utilised veld. The full key species

list gopearsin Table 43.

Table 43: Key Species'Strong Competitors for each growth form class.

Trees Shrubs Dwarf shrubs Grasses Forls
Combretum
hereroense Combretumimberbe  Sporobolusioclados  Vernonia sp.
Combretum Combretum Urochloa
mossambicense  mossambicense mosambicensis Abutilon sp.
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Dominant species

Soorobolus ioclados is both a key and dominant species of this community. Urochloa
mosambicenss and Panicum coloratum are dso dominant grasses, often occurring together
within a stand of vegeation. They both dominate in open ved where conditions are too hot

and exposed for other more moidure sendtive species Table 44 provides the percentage
canopy cover for each dominant species.

Table 44: Dominant pecies in community with respect to percentage canopy cover.

Species % Canopy Cover
Soorobolusioclados 391
Urochloa mosambicensis 238
Panicum coloratum 215

Grass biomass

The middopes traditiondly have lower soil moigure and nutrients then lower down the
dope, efectivdy acting as a relardant on net primary production, and hence lower overdl
phytomass. The biomass for this community was moderate with a high percentage of the
biomass made up of preferred forage species (Macandza et al., 2004), with the exception of
Setariaincrassata (Table45).

Table 45: Mean community grass biomassin order of ascending abundance.

Mean Mean
cover hiomass

(%) (kgha)

Chloris pycnothrix 0 0.85
Cynodon dactylon 0 0.85
Dyschoriste rogersii 0 0.85
Eragrodtisrigidior 0 171
Fingerhuthia africana 0 256
Cyperus 9. 0 264
Bothriochloa insculpta 0 264
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Aristida congesta subsp. barbicollis 0 349
Soorobolus nitens 0.06 955
Enneapogon scoparius 0.01 9.63
Ischaemum afrum 0.05 12
Heteropogon contortus 04 16.98
Eragrostis superba 011 1832
Sooroboluscunsimilis 0.32 2024
Enneapogon cenchroides 014 27192
Schmidtia pappophoroides 0.19 2848
Aristida adscensionis 0.21 3166
Bothriochloa radicans 0.28 37.39
Digitaria eriantha 034 4317
Themeda triandra 034 4694
Cenchrus ciliaris 0.87 7235
Soorobolusioclados 391 B.74
Setaria incrassata 15 9862
Panicum coloratum 215 129.26
Panicum maximum 104 13047
Urochloa mosambicensis 238 161.73
Totds 1397 1006.59
Community ructure

The herbaceous layer contributed dgnificantly (in the nondatisticd sense) to the overdl
canopy cover of this community (Table 46). While dl woody categories are represented,
a modeaate abundances, including forbs. Graphicd
community structureis depicted in Figurel3.

they ae dl

representetion  of
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Table 46: Community structure arranged by growth form.

Growth form Cover Proportion
Tree 003% 0.18%
Shrub 0.35% 210%
Dwarf shrub 047% 282%
Grass 13.97% 84.62%
Forb 170% 10.28%

Totd dass cover 16.51%

Growth form proportions

0.81
0.6
0.4
0.2

Proportion
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shrub

Fgure 13: Histogram showing the relative proportion each growth form contributes to the
community.

2.3.2 Synthessof community varigbles

Table 47 shows that feeding paich communities had on average a lower woody and forb
cover, a higher grass cover and a lower species diversity. The mean grass biomass for
feeding patch communities was d <o higher than that for control patch communities.

Teding the daidicd dgnificance of thee differences will be covered in the following
chapter.
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Table 47: Community variables of feeding and control communities. Percentage Canopy

Cover is abbreviated as %CC. The vaduesin the table below shows that feeding patches

have alower mean woody component, a higher grass proportion and higher grass

phytomass. Feeding patches dso have alower species diversity than control patches.
Feeding

Community 1 2 3 4 5 Mean
Trees (%CC) 0.00 004 0.88 0.89 0.00 0.36
Shrubs (%CC) 0.16 011 0.40 162 042 054
Dwarf shrubs (%CC) 0.36 0.11 0.87 04 0.00 0.46
Totd woodies (%CC) 1.36
Grasses (%CC) 1567 1263 7.69 13.06 2469 1475
Forbs (%CC) 136 0.24 301 0.63 0.02 105
Totd cover (%CC) 1754 1313 1286 17.15 2514 17.16
Nr grass species 25 23 19 31 13 220
Nr plant species 85 82 80 113 21 7620
Mean sp/relevé 14 14 23 18 5 1480
Phytomass (kg/ha) 103307 105424 1162726 1249029 1048793  1109.57
Control

Community 1 2 3 4 Mean
Trees 117 0.12 0.00 0.03 0.33
Shrubs 0.28 0% 6.78 0.35 2.0875
Dwarf shrubs 162 0.46 0.55 0.47 0.775
Totd woodies 3.1925
Grases 101 9.03 6.00 1397 10.0025
Forbs 0.87 2.76 2.28 170 19025
Totd cover 1496 1330 1561 1651 15095
Nr grass sp. 36 25 2 26 2125
Nr species 127 106 69 81 95.75
Mean sp/rdlevé 19 18 15 12 16

Phytomass 1143444 96144 810.844 1006.583 980.579
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Hgure 14: Graph showing the rdative proportion of growth forms occurring in feeding

paiches (FP s). Communities 1, 2 and 3 were on Basdt subdrate, while communities 4 and
5 were on Granite subgtrate. The feeding patches exhibit ardatively high proportion of

grasses.
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Fgure 15: Graph showing the rdative proportion of growth forms occurring in control
patches (CP's). Communities 3 and 4 were on Basdt substrate and communities 1 and 2 on
Granite substrate. Control patches show aréatively higher proportion of woody plants
than feeding patches.



2.4 Discusson

It might be expected that Smilar floristics occur between patches occurring close to one
another. The differentiating factor between feeding and control trestments seems to be the
abundance of the species within each.

Paiches with a high dendty of unpdaable species requires more search time to find
preferred species  within the species marix. Optima foraging predicts that animds will
opt for a feeding environment in which they obtain a net gain in energy (Brewer, 1994).
The criticd factor then becomes not necessarily what the overdl phytomeass is of the patch,
but rather the available phytomass of palatable species.

Degpite the prevdence of less prefered species holding key podtions in some community
types, the buffdo’'s sdection of habitats can be largdy dtributed to the abundance of
preferred species. The strong occurrence of less preferred species in some feeding patches
is linked largdy to the proximity to water of these paiches (where over-utilisation by
water-dependent species results in abundance of less paatable species) — buffdo often feed

in close proximity to weter due to their dependence on this resource.

Avaladle grass phytomass is an essatid forage requirement for a bulk-feeder. Buffdo
may have a limited ability to sdect for specific plant pats year round. Sindar ((1977)
demondrated how buffado sdection of the lesf fraction decressed during the dry season.
Buffdo may be dble to circumnavigate this problem by sdecting specific oecies that are
more pdaable in spite of possble physcd deerents such as high seminess (See
Appendix 3 for grass pecies acceptance percentages dedlt with in Chapter 5).

The drong presence of the largely avoided Setaria incrassata in the communities occurring
on the Basdt-deived soils is due to its broad-scade association with this soil type. Setaria
dso provides a micro-climate under which shade-tolerant species like Panicum maximum
can grow, and where the two species occurred in the same patch, the buffado would sdect
out the Panicumtufts from amongst the mosaic of Setaria tufts.

Urochloa mosambicenss is among the preferred species in the buffao’s diet (Macandza et

al., 2004) and due to its abundance in over-utilised aress, it supplied buffdo with suitable

foragein these areas, particularly close to water sources.
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Cenchrus ciliaris is a wel sought after resource throughout the late dry season (Macandza
et al., 2004), as it retans a reatively high degree of greenness. C. ciliaris tends to occur in
sorawling stands where it dominates spatidly over a locdised area. Thee stands are often
dong footdopes bdow sands of large trees, where it can retain more moisture, due to
lower heast Stress and evgpo-transpiraion, meking it more pdadable than other avaladle

species over the dry season.

Soorobolus cunsimilis did not occur in many feeding petches, and due to its tal gemmy
nature is unlikey to be a favoured forage species as a mature plant but the buffdo may
ingtead chooseto feed on smdler, establishing tillers

The grass with third highet biomass in feeding paches namdy, Panicum maximum a
dhede-tolerant gpecies, dso tends to be greener than surrounding species over the dry
season. In the shade of he larger trees an gppropriaie climate is provided in which certain
gpecies of grass can thrive and provide high qudity forage to grazers throughout the year.
The high canopy dfords the herds protection from the dements during the hottest periods
of the day. The high grass proportion provides a criticd mass of qudity forage dlowing
herds to optimise on forage intake, with minimum energy expenditure.

Soorobolus ioclados tends to occur on wedl-utilised footdopes where it forms a
homogenous dand. While the tufts may be dose to the ground, bdow the average grazing
height of buffalo, they have a high leaf proportion.

The &ility of Digitaria eriantha to produce grazing lavn type conditions coupled with a
low stem proportion is likely to be among the species’ strongest attractants to buffao.



25 Summay and Condusions

The fact that 73% of the paiches did not occur in the same community as their control Ste
shows tha even a that fine sampling scde a lage enough difference in Species
compostion/dructure exiss to place them into separate plant communities and dso affect
the sdlection of paiches by herds. One might surmise by saying the feeding petches have a
preferentid ratio of resources and hence are utilized preferentidly over the bordering
patich. However, once this patch has been utilized or over dry or resource limited periods
herds may return to the previoudy avoided areas which may not have the same ratio of key
resources as the preferred patch, but components of it.

The year's 2002 and 2003 experienced bdow average ranfdl, with a dear ddinedtion of
ranfal into seasons difficult and possbly ahitrary, hence very litle emphasis was placed

on seasond differences in patch selection.

Buffdo sdected feeding patches that dways contained an abundance of a least one of
their preferred forage species. Urochloa mosambicensis was shown to be both a dominant
and key goecies in the mgority of feeding patches implying its abundance to be an
important contributor to paich sdection by buffdo herds across both dominant geologica
subgrates. Other species that dso hed key podtions in many of the patches were
Soorobolus ioclados, Digitaria eriantha and Cenchrus ciliaris. With the exception of S
ioclados the other three species were dso those grasses ranked highly as faage species
(Macandza et al., 2004); leading to the concluson that buffdo forage sdection is by and
large determined by the locd abundance of preferred grass species. Buffao tended to feed
on patches where the woody plants were present & moderate to low abundance with only a
few patches having a woody species dassified as dominant. Shrubs and dwarf shrubs were
more abundant than large trees, with these growth forms often creating shaded aress
conducive to the edtablishment of P. maximum a well-utlised grass by buffao throughout
the year.

The feeding patch plant communities were generdly separated into paiches that shared a

common landscgpe dtribute, such as geomorphologicad  unit, aspect, soil type (Land Type),
Season or acombination of these factors.
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The mean grass biomass (phytomass) for al feeding patch communities was 1109.57 kg/lha
with a range from 103307 kgha to 1249.034kgha. The higher biomass peaches were
counter-intuitively largely on the western sde of the study area including Gabbro, Gneiss
and Ecca shde subgrates where one would assume the higher standing crop to occur on
the Basdlt derived soils.

A number of grass species that were key species in feeding patches were dso key species
in control paches namdy, Digitaria eriantha and Urochloa mosambicensis. Severd less
pdaable sgpecies were dso dominant members of control paiches including Bothriochloa
radicans and Setaria incrassata. Control patches dso had on average a lower grass
biomass - 980.58 kg/ha — with arange from 810.84 kg/hato 1143.44 kg/ha

The overriding pattern thet emerged was thet feeding patches were dightly florigticaly
digtinct from neighbouring control patches and contained a higher proportion of preferred
grass species, due to lower patch species diversity. The overdl patch biomass was higher
in feeding patches, aswdl as having alower cover of woody plants.
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3 Chapter 3: Quantifying the key resources responsible for patch sdlection

3.1 Introduction

To endble one to gain an indght into buffdo paich sdection and preferences one has to
gan a hande on wha ae the key resources that determine buffdo paich sdection.
Naturdly, it is not possble to measure every component of a patch, however, knowing thet
buffdo fdl into the group of bulk-feeders, deductions can be made as to what may be
important varidbles contributing to the sdection process. Thee vaidiles may be both
patich dependent (eg. species compostion, vegetation sructure) and independent (distance
to nearest drinking water).

3.2 Materialsand methods for Par-wise andyss

3.2.1 Grass phytomass

The software programStocking Dengty-which uses the same logarithms as PhytotabPC
and is supplied as pat of the PhytotaPC package, (avalable from Dr Bobby Wedfdl,
ARC - Range and Forage Inditue, Private Bag X05, Lynn Ead, 0039) was used to
determine the output vaues for phytomass, spacing, percentage canopy cover and densty,
on a speces-gecific bass. Phytotab is desgned to derive vdues a the community levd,
meaning that within a crown diameter dass it uses the mean vdue of that class to
determine the output variables. The Stocking Dendty application dlows one to enter the
actud crown diameter vaue for that species and not use the mean of the class (see Heading
522 -Technique for vegdation sampling - for detaled description). However, as the
crown diameter class was used during the collection of field data, and not the actuad crown
measurement, the mean vaue for the class had to be used, as would be used for Phytotab-
PC.

The following is an overview of the formulae used by the packages after Westfal (1998):

Percentage canopy cover, the derived varigble, and mean crown diameter, the measured
variable, enable plant density to be caculated asfollows:



A=C X 10 000/100

Where,
A =aea(m?2) covered by canopy in 1 ha

C = projected canopy cover of plant Species, as a percentage, and

D= AX?
Where,
D = dengty in terms of individuas per hectare
r = crown radius, being haf mean crown diameter (m).

From this it can be concluded that given any two of the vaiables cover, mean crown
diameter and density, the third variable can be caculated.

The individud species scores of the respective categories (Phytomass, dendty etc) for
each patch were averaged to obtain a mean vaue for that patch.

3.2.2 Percentage moisture content

Eight grass tufts for each species were harvested at a height of 10cm above ground leve
for dl feeding and control gtes. Use of eght samples amed to improve accuracy, as
moidure content is highly vaigde even a fine-scdes, with tufts in shade mantaining
higher moidure content than those in full sun. Figure 16 shows the reationship between
grass moidure content and the number of samples needed to goproach an accurate mean,
by usng a running average of moisture content. 10cm was chosen as the harvesting height
to ensure condgency in sampling as wel as the corresponding unlikely sdection of
buffdo for very short tufts. This was shown in the results for mean grass height of the
feeding patches that reveded a high occurrence of ankle to knee high tufts occurring in
feeding paiches Due to financid condraints a maximum of four grass Species were
harvested per patch, the criteriafor selection being:

a) those species utilised by the buffdo or,

b) those species in rdatively high abundance in the patch, i.e those tha were dlocated any
symbol larger than a“1"in the variable bt transect of the Plant Number Scale.



The wet mass is recorded before being dried in an oven a 65°C for 34-36 hours. The dry
matter is then weighed, and by means of a formula the moisture content is determined for
each pecies (Trollope & Potgieter, 1936).

The individud species data were then averaged to obtain a mean for each rdevé or patch,
as wdl as a weghted average being determined by multiplying the species moidure
content by the percentage phytomass that individud species contributed to the overdl
phytomass of the patch.

As access to a convection drying oven was difficult, and humid and hot conditions prevail
over the summer months a number of the grass samples moulded within 24-48hrs after
sampling, before being dried, and had to be discarded. This reduced the origind number of
patches (86) that could be analysed to 66 feeding and 66 control Stes.

% Moisture - Running Averag y—
—+— bolr

—&—Thetri
207 —a— Pan max

Pan col

15 4

0
/OlO'

1 2 3 4 5 6 7 8
Nr. of samples

Figure 16: Running average of percentage moisture versus number of samples of four
common grass species. Key to graph legend: “Bot rad” — Botriochloa radicans, “ Thetri” —

Themeda triandra, “Pan max” — Panicum maximum, “ Pan col” — Panicum coloratum.



3.2.3 Ledf togemrdio

The dried grass tufts were hand sorted into its component gems and leaves. The leaf and
gsem fractions were weighed and the stem to leaf ratio expressed on a dry mass bads. The
ratio was expressed as the proportion semsin the tuft.

The gem to leaf ratios of the individuad species were averaged across the paich to obtain a
mean vaue, as wel as a weighted average by the same method described under percentage
moisture content (see Heading 6.2.2.). For the sime reasons dtated for percentage moisture
content only 66 samples were available for andyss.

3.2.4 Percentage Nitrogen and Phosphorus

Percentage Nitrogen (%N) and Percentage Phosphorus (%P) of lesf matter were
determined for the grass species harvested from each patch. Phosphorus and Nitrogen
concentration was determined using the sandard Kjeldahl technique (AOAC, 1975) by the
Inditute for Tropicd and Sub-Tropicd Crops (ITSC), a divison of the Agriculturd
Research Council (ARC) in Nespruit. Broadly daed the technique involves the digestion
of the leaf matter and subsequent extraction of the Nitrogen and Phosphorus content.

The wet digesion for %P determination is done usng a 2:1 raio of 55% Nitric Acid and
70% Perchloric Acid.

For the digestion of plant materid for percentage Nitrogen determindtion, the sample is
digested with 4ml of 98% Sulphuric Acid and 1ml of 30% Hydrogen Peroxide.

The method of detection for Phosphorus and Nitrogen is asfollows:

Phosgphorus

Colorimetric by Auto Andyse. The deemination of phosphorus is based on the
colorimetric method in which a blue colour is formed by the reaction of ortho phosphate
and the molybdate ion. The phagphomolybdenum complex is reed a 660nm.

Nitrogen
Colorimetric by Auto Andyser. The determination of nitrogen is based on a colorimetric
method in which an emedd-green colour is formed by the reaction of ammonia, sodium



<dicylae, sodium  nitroprussde  and  sodium hypochlorite. The  ammonia-sdicylate
complex isreed a 640nm.

The individud Nitrogen and Phosphorus scores for each species were averaged for each
paich to obtain the mean, as well as the weighted average. 66 samples were used for the
andyss.

3.2.5 Grasstoforbretio

Usng the dendty edimates caculaed by the Stocking Densty program the grass forb
raio was expreses as a proportion of grass to forbs in the pach. This diminated the
problem when using percentage expressions, as a zero vaue for forb dendty in any petch
would result in a zero denominator, which cannot be computed.

3.2.6 Digtance to water

The location of the closest surface water to the patches was recorded and the distance
between them determined usng a Magdlan GPS (Geographic Podtion Sysem) s to
WGSB4 datum. If no gpparent weter exiged in the vicinity of the patch, Arcviewn© 3.2a
computer software was used to determine the closest known water source. These data were
made available by the fact that dl pans and water points were recorded daly on an a hoc
badis by fidd aff, throughout the herd’ s home ranges.

Ther podtions were recorded on a GPS and dored in a database to gan a more Spéio-
tempordly refined GIS of water avallability in the area

3.2.7 Horizontd vishility

Maximum horizonta vishility was delermined by teking four readings with a Bushndl
Yadage Pro 500 lasr rangefinder. A reading was taken in al four cardind directions,
until a “wdl-effect” was evident. For areas where this effect was not cearly evident, an
assigant would wak in each cardind direction awvay from the obsarver, until vighility a
15m in heght was log. The readings were then averaged to gain a meen vighility vaue
for the patch after De Wet (1988).
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3.2.8 Woody density

Sampling the woody component of the peich involved dassfying dl presant species into
any of the falowing three categories, with a species often being present in multiple growth
form categories Dwarf Shrubs, Shrubs and Trees The dendty of the combined category,
that amagamated dl dasses into one generic totd woody dass, was compared between
feeding and control dtes The dendty edimaes were dl cdculaed usng the previoudy
mentioned “ Stocking Dengty” program.

3.2.8.1 Saidicd andyss

As a pared sampling draiegy was employed a par-wise andyss was needed to optimise
the datigicadl power of such a sampling drategy; which dlows for detection of finer-scale
differences between the experimentd and control. The nonparameric Sgn Test in
Stidica ver. 6.1 (SaSoft, Inc., 2004) was used to test for a sgnificant difference
between the feeding and control paches for dl aove-mentioned variables While
trandormation could normdise the data, a pared desgn did not meet the requirements for
independence. This test obviated the need for normdly didtributed and independent data
The only assumption required by this test is that the underlying didribution of the varidble
of interest is continuous, no assumptions about the nature or shgpe of the underlying
digribution are required. The test dmply computes the number of times (across subjects)
that the vaue of the firg variabdle (A) is larger than that of the second varigble (B). Under
the null hypothess (daing thet the two vaidbles ae not different from each other) we
expect this to be the case about 50% of the time. Based on the binomid digtribution we can
compute a z vaue for the observed number of cases where A > B, and compute the
associated tail probability for that z value (StaSoft, Inc., 2004).

3.3 Maeidsand methods for non-paired data

3.3.1 Grass height preference

The mean grass height for the patich was measured following De Wet (1988). The plant
number scae takes cognisance of the diversty and canopy cover of the graminoids, but no
actud measurement for grass height is recorded. This aspect may relae to feeding budgets,
interspecific competition and visihility while feeding.

Six height classes were used:



No grass.

120mm (ankle height).
500mm (knee height).
1000mm (wais heght).
1500mm (shoulder height).
Above 1500mm.

o O O O o

(@)

Grass height & 20 points was recorded to gan a more precise mean for the dte. At each
point the grass was placed into one of the Sx above-mentioned classes. A pilot sudy done
during the developmentd dages of the proect showed that very little improvement in
accuracy isgained after 12 points (Figure 17).

Running average - Grass height

Grass height (cm)
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Fgure 17: Running average of grass height versus number of sampling points of Six
patches. The graph indicates thet very little improvement in the estimation of mean grass
height for the patch is obtained with more than 10 sampling points

3.3.1.1 Saidicd andyss

Spearman rank corrdation (Spearman R) was used in Statidtica ver. 6 (StatSoft, Inc., 2004)
to test the corrdation in grass height categories between feeding and control paiches. The
tet can be thought of as the regular Pearson product moment corrdation coefficient
(Pearson 1); that is, in tems of the proportion of variability accounted for, except thet
Seaman R is computed from ranks. Spearman R asumes that the variables under
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condderation were measured on a leas an ordind (rank order) scde that is the individud
observations (cases) can be ranked into two ordered series.

3.3.2 Geomorphologicd unit or community type
Each sample Ste was placed into one of the following subjective catend categories (after
Kruger, 1972):

o Cres.

o0 Middope.

o Footdope

0 Riparian or Vdley Bottom.
Grazing ungulates in African savannas concentrate their feeding in zones that shift up and
down the catenary dranege gradient through the seasond cycle moving progressvey
downdope in the dry seeson as availability of green grass declines and then switching back
to short, nutritious swards on the uplands when the rains commence (du Toit, 2003). The
data collected under this heading cannot definitively test the above Satement due to the
sampling desgn and andyss used. Ingead it atempts to test whether feeding paiches
occurred on certain caends more than the control paiches between the two measured

SEas0nNs.

3.3.2.1 Satidicd andyss
A chi-square test of association was used to test whether buffdo ggnificantly associated

with a particular catena or community type over the two seasons

3.3.3 Aspect

The aspect of the dope was recorded at dl Stes using a compass. The discrete vaues were
then placed into ther nearest cardind pogtion category. The eight cardind postions used
were N (north), NE (north-eest), E (east), SE (south-eaest), S (south), SW (south-west), W
(west), NW (north-west).



3.3.3.1 Saidicd andyss

A chi-square test for associaion was to be used to determine if the herds showed seasond
aspect preferences. However, as more than 20% of the categories had expected frequencies
of less than five (Agredti, 1990, 1996) the seesond differentiation had to be forssken, and
obsarvations were combined into only feeding and control obsarvaions incorpording the
whole dudy peiod. Another underlying assumption of the chi-square test is that
obsarveions are dasdfied into categories independently. While in this study, the control
dte is dways coupled to the feeding Ste by a s&t disance the independence criterion is
only patidly met. | fdt that the disance between them was adequaie to ensure that the
locetion of control Ste did not mean it necessarily shared the same agpect, nor was it
guaranteed to fdl into the next category in the hilldope sequence (especidly on short
hilldopes, such as those on the granites).

As the agpect for one gte was not taken the sample sze for this andyss was 170, namely
85 feeding and 85 control Stes.

3.34 Sope

A modified protractor was used to determine the dope as a amplified form of a clinometer.
This was done by attaching a piece of gring to the base of the protractor, which has a smdll
leed weight at the loose end, dong the 90° mark. The flat Sde was then rotated until it was
subjectively pardld to the angle of the ground; the degrees were read off the protractor,
which in turn was subtracted from 90 to obtain the dope.

3.3.4.1 Saidicd andyss
A chi-square test of association was used to determine if buffao herds showed a preference

for certain dopes over the two seasons.
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3.4 Realltsand discusson: Par-wise andyss

3.4.1 Mean grasstuft phytomass

A highly dgnificant result was obtained when meen tuft phytomass was tesed between
feeding and control patches (Figure 18). Individud grass tufts in the feeding petches were
on average much higher in biomass or phytomass than ther neighbouring control peiches
As huffdo are broadly dassfied as bulk-feeders this result would certainly be expected to
be an overriding criterion for feeding patch sdlection.

Mean tuft phytomass varied beween 57.2kglha to 690.1kgha in feeding stes and
39.6kg/hato 718.71kg/hain control Stes.

Mean Tuft Phytomass
220 . .

210t

| o ven
— [ MeaniSE
: T Meant196'SE

P/ma;ss_F P/malss_C
Sgntest Z=3343, p=000

Figure 18: Box and Whisker Plot: Mean tuft phytomeass of feeding and control patches.

Mean grass tuft phytomassis sgnificantly higher in feeding patches than their paired

control patches.

3.4.2 Tota patch phytomass

As would be expected the total standing crop in feeding peiches was sgnificantly higher
than in control Stes (Figure 19). Hence, absolute abundance of avalable forage is a key
resource to buffdo and a determinant of patch sdection. This would support the theory that
herds ae cgpable of evduating the danding crop differences between two neighbouring
paiches, and choose to feed in the one offering a higher yidd.
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Figure 19: Box and Whisker Plot: Totd patch standing crop. The total standing crop (es

opposed to the mean tuft phytomass in Figure 18) is Sgnificantly higher in feeding

patches.

3.4.3 Mean percentage grass moisture content

A nonggnificant result was computed when tesing mean percentage grass moisure
content between feeding and control Stes (Figure 20). Feeding patches did none the less
have higher grass moisure content, indicating that on average, tufts in feeding patches had
higher moisture content than their controls Moidure content is highly variable — and
varied through the year from as low as 0.86% to a high of 82.22% across dl species - even
within a localised area and may have attributed in pat to the non-ggnificant result being
computed. Tufts occurring under trees, egpecidly on ther southen sdes may be
congderably greener than those in an open aea where they will experience higher hest
sress. Grass greenness may in fact play a more importat role a the finer feeding dation
scde, where tuft sdection takes place, and may not directly influence paich sdection per
*.
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Mean % grass moisture
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Figure 20: Box and Whisker Plot: Mean percentage grass moisture content. Mean grass tuft
percentage moisture content in feeding patches is non-significantly higher than thetuftsin
control patches.

3.4.4 Totd patch percentage grass moisture content (weighted average)

Almogt no difference is seen in percentage moisture content when a weighted average is
used based on the abundance (phytomass) edimates for each species, producing a non-
ggnificant result (Figure 21). This shows that the “totd” or “gross’ % moisture content
avalable to the herds a feeding and control patches is nearly the same. These results may
be mideading as buffdo are unlikdy to have the ability to meke a quantifidble assessment
of the totd moisure content (grass greenness being the indicaior) contaned in two
neighbouring gStes, as they for one lack the height advantage necessary to make such an
assessment. It may be that grass moisture content is actudly more relevant to a finer
foraging scde, namdy the plant bite Hence, buffdo will not be adle to judge two smilaly
green paiches apart, based on a larger-scae greenness index but rather may sdect out the
tufts while feeding that retain more green leaves, especidly over the dry season.
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Figure 21: Box and Whisker Plot: Weighted average percentage grass moist ure content. No
difference in moisture content is seen between feeding and control patches, when a
species moisture content is weighted by its biomass for that peatch.

3.4.5 Mean percentage leaf nitrogen content

The difference in mean percentage nitrogen in the leaves of feeding and control ste tufts
was neggligible and nondgnificant, with feeding patches having only a dightly higher
percentage Nitrogen (Figure 22). This result would be expected, as a farly d<rong
corrddion exiss between grass moisture content and percentage Nitrogen in leaf maiter;
and as was previoudy shown feeding peatches had dightly higher mean grass moigdure
content than control Stes did.

Tuft percentage Nitrogen for feeding patches ranged between 0.49%and 2.99% over the

wet season and 0.25% and 143% over the dry season. Control peich tufts ranged from
0.5%to 2.66% over the wet months and 0.32 and 1.79% over the dry months.
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Figure 22: Box and Whisker Plot: Mean percentage leaf Nitrogen content. Feeding patches
computed non-significantly higher percentage leaf Nitrogen content than control patches.

3.4.6 Totd patch percentage leaf Nitrogen content (weighted average)

Weighted average percentage Nitrogen shows a different relationship to that of the mean

percentage  Nitrogen, whereby the control

dtes had a non-sgnificantly higher gross

nitrogen content (Figure 23). This is once agan a scde-rdated issue, whereby buffdo

canot acertan the different totd percentage Nitrogen vaues of neighbouring Stes

Hence, the mean lesf percentage Nitrogen content is a more gpplicable measurement as the
buffdo may only sdect for greener tufts (and hence higher percentage N leaves) a the
feeding detion scde, when they are faced with a number of options directly below ther

forefeset.
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Figure 23: Box and Whisker plot: Weighted average percentage legf nitrogen. The
percentage Nitrogen grass lesf content in feeding patches was non-sgnificantly lower than
that of control grass leaf content when percentage Nitrogen is weighted by biomass.

3.4.7 Mean percentage leaf Phosphorus content

Feeding dtes showed a non-ggnificantly higher mean percentage Phosphorus content in
their tuft leaves than did the control patch tufts (Figure 24). Percentage leaf Phosphorus
ranged between 0.066% and 0.454% for feeding petch tufts over the wet season and
0.038% and 0478% over the dry season. The control peatch tufts ranged in percent
Phosphorus between 0.086% and 0.46% over the wet season and 0.033% and 0.325% over

the dry season.
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Figure 24: Box and Whisker Plot: Mean percentage leaf Phosphorus content. Grass
percentage Phosphorus content was non-ggnificantly higher in feeding patchesthanin
control patches.

3.4.8 Totd patch percentage leaf Phosphorus content (weighted average)
Control patches showed a margindly, non-dgnificantly, higher totd patch percentage lesf
Phosphorus content than feeding patches (Figure 25).
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Fgure25; Box and Whisker Plot: Weighted average percentage lesf phosphorus. Grass
leavesin feeding patches computed a dightly lower (non-significant) percentage
Phosphorus content than those in control paiches.

3.49 Mean gemto lesf ratio

Feeding paich tufts had a non-dgnificantly higher dem to leef ratio than did control patch
tufts. This implies that grass tufts in feeding patches were on average higher in sem
content than were those in the control Sites

Tuft dem to leaf ratios ranged from 0.027 to 0.842 in the wet season and 0.019 to 0.762 in
the dry season for feeding patches and from 0.061 to 0.829 in the wet season and 0.010 to
0.852 over the dry months for control patches.
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Figure 26: Box and Whisker Plot: Mean slem to ledf ratio. Grass tufts in feeding patches
computed a non-significantly higher ssem proportion than control tufts.

3.4.10 Patch stem ledf retio

Feeding petches showed a lower patch stem to leef ratio than control Stes (Figure 27). This
difference was non-dgnificart. It could be debated as to whether or not buffdo are able to
assess a patch’ s average steminess and consequently differentiate one patch from another.
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Figure 27: Box and Whisker Plot: Weighted average sem to ledf retio (or tota patch
geminess). Grass tufts computed a lower stem proportion when weighted by relative
abundance (biomass).

3.4.11 Grasstoforbretio

Feeding paches computed a sSgnificantly lower grass to forb ratio than control petches
(Fgure 28); meaning that there was a higher abundance of forbs and lower proportion of
grasses in feeding patches than in control dtes. This result was somewha unexpected, as
one would have expected Stes that have high grass biomass to have lower forb abundance
due to competitiveexcluson.
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Figure 28: Box and Whisker Plot: Grass proportion of feeding and control paiches. Forbs
expressed themsdves a a sgnificantly higher abundance in feeding patches than in control

patches.

3.4.12 Diganceto closest surface drinking water
A highly sgnificant difference between feeding paiches and control Stes was computed
when tegting the disance to closest surface water, with feeding patches being closest
(Figure 29). This result was somewhat surprisng as the control Ste was dways only 100m
away from the edge of the foraging path. Such a result could be essly expected were the
control Stes randomly disanced from the feeding peiches Buffdo are waer dependent
and consequently are limited in the range they may utilise by the avalability of free
danding water. Feeding paiches were Stuated between 30m and 5600m from water over
the wet season and between 25m and 3600m over the dry season. Control sites ranged from
between 55m and 5360m from surface water during the wet season, and between 20m and
4020m through the dry season.

T +1.96*Std. Err.
[J +1.00*Std. Err.
[m]
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Figure 29: Box and Whisker Plot: Mean distance to drinking water. Feeding patches were
significantly closer to water-holes than were control petches.

3.4.13 Maximum horizontd vishility

Feading patches had a higher maximum vighility then did the control patches (Figure 30).
Although this result was not dgnificant, it none the less implies that ther may be some
woody dructurd or dendgty threshold over which buffdo would avoid the dSte while
feeding, as this may impede their ability to detect predators and/or maintain visud contact
with the ret of the herd.
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Fgure 30: Box and Whisker Plot: Maximum horizontd visibility. Feeding patches
computed a higher visibility index then did control patches

3.4.14 Woody Density

Control petches computed a non-sgnificantly higher woody densty then feeding patches
(Figure 31). This dendty edimete induded dl three growth forms namdy, dwarf shrub,
shrub and tree. The higher woody density in control paiches led to an overdl reduced
maximum vighility for the herds
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Box and Whisker Plot: Woody Density
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Fgure 31: Box and Whisker Plot: Woody densty. Woody density was non-significantly
lower in feeding patches than it wasin contral patches.
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3.5 Reaultsand discusson for varigbles not tested by pair-wise method

3.5.1 Meangrassheight

A drong corrdaion between feeding and control patch grass height frequencies was
computed across the sx categories (Table 48). This indicates that grass height in feeding
and control Stes differed very little. In both the experimentd and control paiches ankle and
knee heght cdasses were mog prolific. Buffdo thus seem to prefer grass tufts of a
moderate height and avoid stes with especidly tal tussocks Control patches did have
higher frequencies in extreme height class categories namdy; very long grass tufts and
bare ground, than did feeding patches The results of the Spearman Rank Corrddion test
are presented in Table 49.

Table 48: Grass height dlass occurrence. The vaues listed in Table 48 reflect the number
of grass tufts recorded in each of the height categories.

Height class category Feeding  Control

Bare ground 153 243
Ankle 776 789
Knee 598 518
Wast 52 182
Shoulder 39 31
Grass >1500 2 20

Table 49: Results of Spearman Rank Corréation test. This table shows thet grass heights
were very smilar between feeding and control patches.
VdidN  Spearman R t(N-2) p-level

Feeding & Contral 6 0.942857 5.659453 0005

3.5.2 Geomorphologicd unit

A dgnificant result was obtained (xs* = 11.27, p < 0.05) for associaion of feeding paiches
with the valey bottom on annudised obsarvations, and no seesond divison was incuded.
Although the mgority of these obsarvations were made over the dry season, no ggnificant
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result was obtained when observations were split into the two ecological seasons. No other
catend positions computed a Sgnificant association with buffalo use.

As buffdo are a water dependent species, drinking on average twice per day, sdection of
feeding patches in dose proximity to wae would limit unnecessary energy loss through
waking; dlowing buffdo to feed and rest near to avalable surface weter. Figure 32 shows
how a large number of feeding patches were located on the footdopes of the hilldope
sequence, in dose proximity to the surface water of the valey bottom. Figures 33 and 34

show the catend distribution of patchesin the dry and wet seasons respectively.

Geomorphologica unit - All observations

% i_ [ Feeding
S i m Control
g o
S 20 A
> 10 ’_‘

0

Crest Mldslope Footslope Vadley

Catend position

Hgure 32: Geomorphologica position of patches combined over both seasons. The lower
portions of the hilldope sequence were preferred feeding patches.
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Geomorphological Unit - Dry season
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Fgure 33: Geomorphologicd position of patches over the dry season. Over the dry season
buffao herds remained largely on the lower catena sequences.

Geomorphological Unit - Wet season
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Figure 34: Geomorphologica postion of patches over the wet season. Buffao herds used

the range of catenas more evenly over the rainy season.



3.5.3 Aspect

None of the eight cardind positions computed signif icant for association with feeding or
control sites. However, by looking at Figures 35 and 36 it seemsthat the wet season
feeding patches were well biased toward the southern and eastern aspects, while over the

dry season a stronger bias was evident for north facing patches.

Patch Aspect - Wet season

37%

Figure 35: Aspect of feeding patches over the wet season (Summer). Buffao herds showed
apreference for Eagt and South facing dopes over the hot summer months,
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Patch Aspect - Dry season

NW
9%

28%

NE
5%

9% 21%

Figure 36: Agpect of feeding patches over the dry season (Winter). Buffalo herds showed a
preference for the Northern dopes over the cooler winter months.



3.6 Summay and Condusions

Absolute abundance of grass maerid, proved to be the most important variable
determining buffalo selection of feeding patches over that of a neighbouring Ste.

Proximity of surface water was another important variable of feeding petch determination,
as buffdo generdly drink a leest twice a day and often more frequently (Sincar, 1977,
Weir and Davidson, 1965) which would mediate the distance from which they can move in
a day and within a range. This would dso presumably be a factor when assessng coarser
scae (Landscape leve) habitat sdlection.

Buffdo showed a preference for the lower reaches of the catend sequence, with the Valley
Bottom computing dgnificant, largdy over the dry periods. The reasons would be two-
fold. Frdly, patches that provide suitable forage and are cdose to surface drinking water
would be highly sought after, as it obviaes the need for herds to move great distances
between thee two key resources especidly in the heat of the day, and over dry periods
when avalable energy reserves are lower and maintaining a more sedentary lifestyle would
conserve vita body reserves.

Secondly, the atributes of the lower reaches of the hilldope induding higher soil
moidiure, often equates to greener, more pdatable grass swards (Macandza et al., 2004),
containing higher nutrient content. This may be especidly important over the dry season
when a minimum crude protein content in the forage is necessxy to mantan normd
physologica processes; 7% was proposed for buffalo by Prins (1996)

Other paich dependent varigbles that were measured but did not compute dHatisticaly
dgnificant incdluded, grass tuft moisure content, grass leaf percentage Nitrogen and
Phosphorus and stem to ledf ratio, dl of which were higher in feeding patches than were in
control patches Measuring of these varidbles may ingead be more gppropricte at the
feeding dation scde where buffdo decison-meking involves choodng the grass tuft to
feed on from what is immediatdy avalable to it. This sdection will then be determined by
the atributes of the grass tufts avalable incuding grass greenness (inherently includes
moisture content and percentage Nitrogen or crude protein and percentage Phosphorus)
and slemto leef ratios.



Maximum horizontd vighility wes further in feeding peiches dthough not sSgnificantly so.
Prins (1996) damed that it agopeared that buffdo in Lake Manyaa did not agppear
concaned with predation risk when choodng habitats Prdiminary data from <udies
conducted by Hay (In progress) shows that bulls tha use habitats with poorer maximum
vighility have a higher predaion risk than mixed herds do that use rdativey more open
terran. This would suggest that there may a citicd woody dendty and conspecific
maximum vishility, above which buffao would generdly avoid.

Herds chose paiches that contained grass tufts of moderate height, showing a generd
avoidance for very tal tufts.

Seasond  vaidion in temperature was mogt likely responsble for the varidion in aspect
choice of feeding paches. Over the cold dry months the herds showed a bias toward the
north facing dopes, optimisng on the low angle of the sun during the winter solstice. The
opposite was true in the wet months where most of the paiches occurred on south and
esdern dopes, presumably to avoid the heat of the day tha's most intense through midday
and early afternoon. Hence, southern and eastern dopes assist in achieving thisam.

Sdection of one patch over a neighbouring one can be contributed to the overdl biomass
of avalable forage and the rddive abundance of preferred grass species (as shown in
chepter 1). The patch locde is mediated by distance to avallable surface water as well as
the possible proximity of resting sites, the so-called “ edge-effect” (Lamprey, 19634).



4  Chapter 4: The influence of environmenta variables on plant community
sructure and likely patch selection

4.1 Introduction

The andyss methods used thus far for this data set, phytosociologicad (chepter 1) and pair-
wise (chapter 2), have used the presence or absence of plant species and other patch related
varigbles regpectivdly, to explore the differences in the paich characteristics of buffao
feeding and control dtes An andyds technique was required to combine dl avalable data
to explore the rdaionship between species presence/dbsence and abundance as wel as
paich dependent and independent characteristics. Canonica ordination dlows one to reate
the gpecies compostion of communities (paiches) to ther environment (variables) (ter
Brask and Smilauer, 2002). The combination of exploratory and confirmatory techniques
dloved me to explore the dmilaity/dissmilaity in community compogtion of feading
and control paiches and confirm which uncondrained variables best explan community
dructure. Additiond environmentd varidble permutations provided indght into the driving
forces of feeding paich sdection, corroboraed datidicaly by the computation of criticd
probabilities. In effect this dlows one to gan an indght into the determinants of pach
section taloring in dl avaladle data in a dngle andyds technique. As dated by Quinn &
Keough (2002), the am is to reved paterns in the data, especidly among objects (paiches)
that could nat be found by andysing eech variable separaely.

Ordination or scding, dlows one to plot these objects in multidimendonad space, with the
objects ordered adong each axis with the Euclidean digance between objects representing
their biologicd dissmilarity (Quinn & Keough, 2002). The vaiation in the species daa is
explaned via the ordination axes, which represent a theordticd explanaory vaiable
(theoreticd environmentd variadble or underlying gradient). A number of vdues ae
asociaed to each axis one being the eigenvdue, which is an importance messure of that
ordination axis. In matrix agebra an eigenvector 8 multiplied by a scdar vaue é (lambda)
satisfies the matrix equation of the square matrix A

Ancther is the gradient length, which represents a latent (theoreticd) environmenta
vaiable, edimated in dandard deviation (SD) units of species turnover. While species data
ae repponse vaiddes (varisbles to be explaned), environmentd varigbles act as
explanatory variables (predictors) to this data Hence, species data are explained by the
ordination axes and the environmenta data are used to interpret or define these axes.



The am of udng ordinaion techniques for this andyss was to not only explan which
environmenta variables where respongble for community Structure, as would be done in
the casscd snse, but rather to determine which varidbles (paich dependent and
independent) were important drivers for buffalo patch sdection.

4.2 Raiondefor usng CANOCO 4.5

A number of logaithmic erors were discovered in the previous verson of CANOCO
(vason 312), which caused indability in the ordingtion axes resulting in incondsent
results. The updated verson 4.5 has corrected the erors and is thus a more accurate
program to use. The discovered errors are mentioned below:

Tausch et al. (1995) observed that changing the order of gpecies or samples in the input
data file of the program DECORANA (Hill, 1979) can sometimes cause redivey large
changes in the sample scores on the ordination axes. Oksanen & Minchin (1997) showed
that CANOCO 312 auffered from the same type of ordindion ingability. They showed
that the use of more dringent convergence criteria (in the power dgorithm used to extract
the ordination axes) gives rexults that are acceptably dtable. In line with ther proposas,
CANOCO 45 uses a maximum number of iterations of 999 and a tolerance of 10, which
is between their gtrict and super drict tolerance criteria

In DCA with detrending by ssgments, Oksanen & Minchin (1997) detected a bug in the
subroutine SMOOTH  tha contributed to the indability, which has subsequently been
corrected.

These improvements counter the scepticiam expressed by Quinn & Keough (2002) to the

ue of DCA as an ordination technique, who questioned its arbitrary nature of detrending,
its sengitivity to the number of segments chosen and problems with the order of data entry.
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4.3 Materidsad methods

4.3.1 Community (patch) Structure

Ordination methods in CANOCO 45 (ter Braek & Smilauer, 2002) were used to describe
the community structure of feeding and control patches and to see whether or not feeding
and control paiches would appear as discrete communities in the ordination diagram.
While phytosociologicd methods were used dmilaly in the fird chepter, abundance
vaues of the species present in the patches were not taken in to account, only presence or
absence. The ordination technique compares relative abundance of dtes to create
community dructure. The reative dundance vaues for this daa were the dendty
estimates generated in Phytotab-PC for each species in each relevé. These data were for al
growth forms that occurred within the patches, hence abundance data could be interpreted
in structura terms too.

The find andyds exduded Rdevé 71A as it contaned only one graminoid speces,
namdy Lintonia nutans, and consequently was an outlier from the rest of the reevés
concerned in the andysis.

Indirect gradient andyds with a detrended unimoda response modd was used in the form
of Detrended Correspodence Andysis (DCA) for the ordination.

“Detrending-by-segments’ was the detrending method used as recommended by Hill &
Gauch (1980) for a DCA. It usss DECORANA's (Hill, 1979) default detrended
correspondence andyss and obtains edimaes of gradient lengths in standard deviation
units of species turnover (SD). No trandformation of the data was done, but downweighting
of rare species was Hected to avoid them having an unduly large influence on the andyss
(ter Bragk & Smilauer, 2002).

This technique was chosen for severd reasons.

1 Hill & Gaugh (1980) amongst othes found fauts with dl other ordination
techniques that are goplied to ecologicd data specifying the occurrences of species
in community samples.

2. Gauch e al. (1977) described the “ach effect” or “horseshoe effect” (Kendal,
1971) when usng Canonicd Andyss or Reciprocd Averaging, which is smply a
mathematicd artefact corresponding to no red dructure in the data This “arch
effect” occurs when the gradient length of the first axes of the ordinaion diagram
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exceeds four standard devidions (SD) (ter Braek & Smilauer, 2002), as weas the
case with these data Linear response modds (eg. Principd Component Andyss
(PCA)) are best suited when the gradients are short (<3 SD)).

3. Indirect gradient andyss gives an ordindion that is cdculaed from the species
data only, and hence shows mgor petens in the species data irrespective of
environmental data.  Environmenta data ae then used to interpret the ordingtion
diagram.

4. McCune (1997) <chowed that incduson of noisy or irrdevat enironmentd
vaiables can digort the representation of gradients in community Structure, and use
of indirect ordingtion methods show pure community dructure without any
condraint imposed by the environmentd varigbles

5. Species data with many zeroes are often best andysed with a unimoda method (ter
Brask & Smilauer, 2002), as was the case with this data set as not al species were
present in al patches.

Sratification of the ordinaion diagran was used to deermine the undelying
environmenta factors responsble for community dructure, i.e the uncondrained (those
not only in the ewironmentd vaiadles file) environmentd variadles responsble for the
separation of paches into communities sharing Smilar  goecies assamblages.  These
uncongrained variables were the following:

Geomoarphologicd unit

Aspect

Subgtrate

Season

4.3.2 Explanation of sdlection of patches explained by environmentd data

Direct gradient andyds with a unimodd regponse modd in the form of Canonica
Correspondence  Andlyss (CCA) was conducted on the ordinated (detrended) data
Peforming the ordingtion on jugt the community data via indirect means (DCA), and then
usng a CCA to rdate the ordination to the environmenta varidbles dlows an expresson
of pure community gradients, followed by an independent assessment of the importance of
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the environmentd varidbles (M cCune, 1997). This multivariate andyss was conducted on
al the species data (selected patches and controls) to arive a community groupings.

An ordination diagran with both samples and species can digolay ether the rdaionships
among samples or species in an optima way, but not both; as the ordingion axes of one
are a linear rescding of those of the other i.e. that the sample scores are weighted averages
of the species scores. Hence, in the ordination diagram, species that occur in a sample lie
around that samplés point. The vaiance of the sample score on each ordindion axis
reflects the importance of the axis as measured by the egenvaue (the variance of the linear
function of the varidble in quedtion), wheress the variances of the species scares dong the
axes ae equd. The objective was to interpret redionships among samples from the
ordingtion diagram, and hence, focussng the scding on the “inter-sample distance” was
chosen. Inter-sample scaling dlows one to better infer environmentd effect sizes.

Scding type addresses the issue of how to infer the species data from the speciessample
plot, other than by the centroid principle. Here Hill's scding (Hill & Gauch, 1980) was
chosen as it equdises the average niche breadth for dl axes, and thus dlows for long
gradients and the distance rule.

Centroid principle — In a CA or CCA, a species score is a weighted average of the sample
scores. Therefore, the species point in the ordination diagram is a the centroid of the
sample points where it occurs. The samples that contain the species are thus scattered
around that species point in the diagram (ter Braak & Smilauer, 2002).

Digance rule — an extensgon of the centroid principle dtates that a sample that is dose to
the species point is more likey to contain the species than a sample that is far from the
Species point.

For a DCA the vdue for the scding type may not be appropriate (ter Brask & Smilauer,
2002).

Irrespective of the scding chosen the ordination diagram displays the mgor patterns in the

Soecies daa table, the table of corrdations between species and quantitative environmental
variables (ter Bragk & Smilauer, 2002).
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4.3.3 Environmentda variablesinduded in CCA
The following environmentd variables were used in the CCA, in order to determine their
importance:
Percentage (%) preferred grass species in rdevé. A simple method was used to
caculate a score for each relevé based on the percentage of preferred forage species
present. Only the top five accepted grass species that remained important forage
gpecies throughout the year were used namey, Panicum maximum (63) Panicum
coloratum (43), Themeda triandra (44), Digitaria eriantha (42) and Urochloa
mosambicensis (40). The number in parentheses depicts the number of paiches in
which that species was utilised (accepted). This mekes a totd of 232 accepted
“events’ across dl 5 species. The individua species acceptance vadue was then
divided by 232 and multiplied by 100; to obtan a pecentage of dl accepted
“events’. For each relevé the totd score of preferred species was caculated, with a
maximum achievable score of 1 possble
Mean grass tuft density acrossdl speciesin therdevé.
Mean maximum vishility.
Digtance of the patch to water.
Mean grass % Phosphorus of al species intherdevé
Mean grass % moigture of dl speciesin the rdevé.
Mean grass % Nitrogen of dl speciesin the releve.
Mean grass stem: ledf ratio of dl speciesin the rdleve.

Grass forb ratio.

4.3.4 Teding for Satiticd sgnificance

The Monte Calo pemutation tet was used to test the datidicd dgnificance of the
relationship between the species and the whole set of environmentd variables (ter Brask &
Smilaver, 2002).

A permutation test cdculaes the probability of getting a vadue equa to or more extreme
than an obsarved vadue of a tex ddidic under a specified null hypothesis by recdculating
the test datistic after re-ordering (shuffling) of the data This dlows for the non-adherence
to the drict assumptions associated with traditional datisticd methods, which are generdly
not redigtic in many practica Stuations (Anderson, 2001).
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One of the gtrengths of the test is that the reference didribution is determined from the data
themsdves without the assumption of normdity, homogeneity of variance and without
mathematica derivetions (ter Braak & Smilauer, 2002).

Forward sdection of environmenta varidbles was chosen in order to rank environmenta
vaiablesin order of their importance.

Automatic forward sdection was chosen usng 9999 permutations (maximum) of the
reduced-modd Monte Carlo test. This results in the varidbles being sdected sequentidly
on the bass of maximum extra fit (ter Braak & Smilauer, 2002). The reduced-modd better
mantains the Type 1 eror probability in smal data sets, and without covaridbles yidds the
exact Monte-Carlo sgnificance leve (ter Bragk & Smilauer, 2002).

The unredricted permutetions option was chosen for permutation type under the
randomisaion modd. Expeimentd and sampling desgn delemines the gppropriate
permutation type. Unredtricted permutations are gppropriate for completdly  randomised
and randomised block desgns and for smple random sampling and dratified random
sampling. As buffdo sdection of feeding Stes was assumed random this option was
deemed appropriate.



4.4 Reaulltsand discusson
4.4.1 Pach community structure

4.4.1.1 Feeding and control patches

All species and growth forms for both feeding and control petches were ordinated to
determine if community structure differed between the two treatments.

No difference in community dructure between the eghty-x feeding and eghty-9x
control paiches is discernible from the Detrended Correspondence Andyss (DCA)
ordintion diagram (Figure 37), between the feeding and control patches. This shows
feeding and neighbouring control patches overlgp in terms of vegetdion <tructure and
gpecies abundance. A strong unimoda response is seen with dl four axes gradient lengths
exceeding four sandard deviations (SD) (Table 50). Unimodd data implies that the species
have ther best performance around some environmentd optima, as opposed to a linear
response dong an environmenta gradient. Unimodd responses dress patterns in reaive
gpecies abundance. Table 51 provides computations of a DCA on feeding patch data only;
likewise Table 52 provides the results of a DCA on control patches only.

Table 50: Log table of results for DCA ordination of dl feeding and control patches. The
lengths of dl the gradients are dbove 4 SD’s, implying a strong unimoda response.

Axes 1 2 3 4 Todineta
Eigenvaues 084 0.75 0.63 040 1289
Lengths of gradient 440 554 447 406
Cumulative percentage variance of species data 6.6 124 17.2 203

Table 51: Summary of log for feeding patch ordination by DCA. The first gradient shows a
strong unimoda response, implying an explanatory varidble exigts for the choice of patch
sdected in feeding patches.

Axes 1 2 3 4 Totd inatia
Eigenvaues 0.79 04C 023 0.18 45¢
Lengths of gradient 497 304 262 269

Cumulative percentage variance of species data 17.2 261 311 35.C




Table 52 Summary of log for control patch ordination by DCA. A strong unimodd
response is computed for the firgt axisin control patches, implying a theoretica
explanatory variable exigs that explains avoidance of control patches.

Axes 1 2 3 4 Totd inatia
Eigenvadues 062 042 02 0.18 485
Lengths of gradient 499 392 236 272

Cumulative percentage variance of Species data: 12.€ 215 257 295

-1 5

‘ Feeding |:| Control

Fgure 37: Ordination diagram showing the position of feeding and control patchesin
ordination space, with both feeding and control paiches evenly didributed in the diagram.



4.4.2 Patch herbaceous structure

4.4.2.1 Feeding and control patches

To ensure that the presence of multiple growth forms wasn't obscuring a possble pattern
in the herbaceous layer, dl growth forms, gpat from the grasses, were excluded from the
ordingtion. Many of the forbs appear seasondly or only in cetan years when suitable
conditions prevail, possbly unduly affecting dassfication.

The ordination diagram (Figure 38) shows that there is dso very little difference in the
herbaceous community structure between the two treatments.

Ordination of feeding and control stes by DCA showed a srong unimoda response with
the firgt axis exceeding four standard deviation units (Table 53).

Table 53: Log of DCA for both feeding and control sites, using only grass species and not
al growth forms. Smilarly, with the ordination of dl growth forms (Table 50) astrong
unimoda response is computed for the firgt axis.

Axes 1 2 3 4 Totd inatia
Eigenvdues 0.77 039 0.22 018 4913
Lengths of gradient 410 3.33 289 260

Cumulative percentage variance of species daa 15.€ 23E 280 317
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Fgure 38: Smple ordination diagram showing the position of feeding and control Stes
when only the grass species are included in the ordinetion, and dl other species and growth
forms are excluded. Feeding and contral patches occur marginally on opposite Sdes of the
diagram.

4.4.2.2 Basdt and Granite rdaionships

The drongest ordination reationship was found to be with undelying subdrae, showing
that community structure and the observed ordination of patches, was indead related to soil
type and geology. Figure 39 shows the didribution of grass species only, but the same
patern dso exisgs when dl species and growth forms are used. This patern is largdy due
to the fact that the two focad herds studied occurred on different substrates, namdy basdt
and granitelgabbro. This shows the difference in  community sructure and  floristics
asociated with the two focd herds. While the difference in community structure between



granite and basdt paiches is shown in ordination Space, as occurring on separate Sdes of
the ordination diagram, the Eudidean digance between them is not large implying that
buffao foraging criteria share many smilarities, irrespective of the subgrate.

Hence, buffdo in the dudy region source patches that have an abundance of smilar
preferred grass species, irrepective of the subdtrate that dominates their home range. The
ordingtion diagran was dso used to explore other factors that might explan the
digribution of the patches in ordination space, induding geomorphologica unit, Season
and aspect. No pattern was found for these variables.
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Fgure 39: Smple ordination diagram showing didtribution of basdt and granite Stes only
including the grass species and not dl other pecies and growth forms. Basalt and granite
patches show a smdl amount of separation in the ordination diagram, implying a degree of
smilarity in gpecies compaosition and abundance.
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4.4.2.3 Undelying subdtrate effects and herd foraging Strategies

Figure 40 shares mary dmilaities to Fgure 39, except that the grgph shows the
digribution of the two focd herds feeding paiches indusve of dl species and growth
forms and not only the herbaceous species Herd M’s home range was exclusvely on the
basdt's, seen as black dots on the right hand dde of the diagram, while herd T's home
range was largdy redricted to the granites red squares mogtly confined to the left hand
dde of the diagram, but incdluded portions of besdt during the ealy wet season. The
diagram dso shows that both herds feeding patches show a degree of overlgp due to
gmilaitiesin patch floridics.
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Fgure 40: Position of feeding patches of both study groups in ordination space. The
diagram gtrongly resembles Figure 39 as the two herds portrayed occurred on opposite
ends of the study area on fundamentdly different subgtrates.



4.4.2.4 Species occurrence in feeding patches

According to the “Centroid principle’ and its extenson, the “Digance rule’, the proximity
of species to the sample dtes in an ordination diagram shows the sgnificance of the
gpecies to the floridic compogtion of the Stes FHgure 41 highlights the dominant species
in buffdo feeding paiches To asSg with clear ingpection of the diagran some of the
soecies had to be magindly shifted dlowing the names to be easly reed. This was only
necessty where dense clustering of labds occurred in the diagram. The labds were not
moved to ancther area of the diagram, as this would lead to inaccurate interpretation of the
data, but ingead remained in the gppropriate area of the diagram. The apparent inability of
buffdo to sdect for nutritious plant pats is cdrcumnavigaed by sdecting petches
containing a high proportion of preferred foodduffs, obviating the need for highly sdective
foraging behaviour. The species occurring in the centre of the sampling points were
Panicum maximum Panicum coloratum, Digitaria eriantha, Themeda triandra, and
Urochloa mosambicensis. The centroid principle ensures that the species that are present
and dominant in the mgority of the patches occur toward the centre of the diagram. This
however, is not dways the case as the digtance rule can on occasion counteract the centroid
principle in S0 much as it ensures that a species is represented closest to the paich or
patches in which they occur. The problem occurs when the species are in fact an isolated
occurrence and the patch in which it occurred is by chance centrdly postioned in the
ordination diagram, thus placing the spedes centrdly too. Fingerhurthia africana and
Eragrostis cilianensis are examples in point, where they occurred in two and three paiches
respectively, and by chance the paiches to which they are &ffiliated are in the centre of the
diagram. The full species names for the abbrevigtions occurring in the diagrams can be
found in Appendix 10.
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Fgure 41 Grass species podtion in ordination space. The podtion of species, determined
by the centroid principle, means that the species occurring a the centre of the diagram
are those found most abundantly in the mgority of feeding patches.

4.4.2.5 Grass gpecies contribution in paiches on basdt subdtrate

The mgority of the feeding patches are rdatively dosdy dustered in ordinetion space,
accounting for the high unimoda response of the ordination. Governed by the centroid
principle the grass species occurring closest to a duster reflect their dominance in those
paiches. These species are largdly those identified as preferred forage species (Macandza et
al., 2004) that dso dominated the patch in terms of their abundance. The balance of the
Species gopearing on the perimeter of the diagram, are the pecies occurring at very low
frequencies. The species proving most important on patches occur ring on basalt substrate
were P. coloratum, U. mosambicenss, C. ciliarisand P. maximum A week moisture

gradient isvisble in the diagram (Figure 42) with the species occurring on the more arid



patches pogitioned on the right hand Sde, progressing to more mesic patches on the left

hand Sde of the diagram.
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Fgure 42: Ordination diagram reflecting the species contributing most sgnificantly to the
florigtic composition of the sample Stes occurring on basat subgtrate

4.4.2.6 Grass pecies contribution in patches on granite subdtrate

D. eriantha, U. mosambicensis, T. triandra and Eragrotis superba dominaed the core
region of the sample dtes for the granite/gabbro soils while P. coloratum and P. maximum
occurred more on the periphery of the sample dtes duder (Figure 43). As previoudy
mentioned these diagrams do not aways accurady reflect the dominant species that occur
in the mgority of the patches in the core of the sample dusdter. Certain species that only
occur in a single patch may be dtuated in the centre of the diagram not due to the centroid
principle but rather due to the disance rule, with the patch that the species occurs in,



coincidentaly located in the centre of the diagram. This is the case for unknown species
(Unk sp.) that were only recorded in two patches yet occurs in the centre of the paich
cluster.
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Fgure 43: Ordination diagram of feeding patches on granitic/gabbro soils showing the
relative importance of different grass species to ther floristic compostion (as governed by
the centroid principle and disiance rule).

4.4.2.7 Species occurrence in control patches

The control patches had mogtly unpaatable species dominaing the core area of the sample
gtes in figure 44; induding Botriochloa insculpta, Botriochloa radicans, Dactyloctenium
aegyptium, Eragrostis cilianensis, Brachiaria deflexa, Aristida congesta subsp. barbicollis
and Eragrostis trichophora. The fact that control Stes were largely dominated by less
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pdaable species, is a clear driving force for buffdo herds to sdect one paich over a
neighbouring one. This suggests that buffdo may have the cognitive dbility to differentiate
between species of grass and meke quantitetive evdudions between avalable foraging
sites as to where the optimum ratios of preferred forage exigts.
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Figure 44: Diagram showing the dominant species in control patches. The grass species
largdy avoided by buffao in this sudy are centraly located in the diagram; meaning they

were dominant species in control patches.

4.4.2.8 Sdection of feeding patches explained by environmentd data

Species  @bundances might explain one of the reasons why buffdo sdect between
neighbouring foraging petches but the indusion of petch dependent and  independent
vaidbles may assg in explaning additiond ressons As previoudy highlighted the



proportion of preferred species within the paich determined whether or not that patch was
utilised. This comes out in the canonicad correspondence andyss of  environmenta
variables (Figure 45) as being the primary driver for sdecting the patch. The second factor
was the rdaive abundance of grass tufts, expressed as tuft densty. Hence, there needs to
be a high biomass of preferred species reative to a neghbouring Ste Maximum vighility
was the third factor determining paich sdection implying that easy predetor detection may
be an important consgderation for buffdo while foraging, as rdaivdy few animds ae
vigilant a this time. It may dso be coincidentd that open dtes contain a higher percentage
of prefared grass species. Digance to drinking water was another sgnificantly important
variable.

The bdance of the vaidiles rdaed primaily to the grass chemicd and physcd
atributes, with percentage Phosphorus computing significant. This result was  unexpected
as the permutation results are generdly consstent with those of the pair-wise andyss.

It is recognised that in this andyss there was a combination of scae effects that may be
complicating the andyds and tha grass chemicd and physcd atributes ae not
necessarily unimportant foraging varigbles, but may not be indrumentad a this scade on
deciding on which patch to sdect, but may be importatt & a finer scde when the
individud anima chooses which grassto bite.

The results computed by the CCA are found in Tables 54 and 55 below:

Table 54: Margina effects of CCA. Percentage preferred grass species in feeding patches
explained the most varidbility in the andyss.

Margina Effects

Vaiade Var.N Lambdal
% Pref sp 9 0.27
Tuft density 5 023
Meen visihility 1 0.16
Dist towater 2 013
Grass %P 7 012
Grass Stem: leef 8 011
Grass %N 6 01
Grass %Moisture 4 0.07
GrassForb 10 0.06
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Woody density 3 004

Margina effects- lig theindividua environmentd variables in order of the variance they
explain angly, i.e when that environmenta variable is usad as the only environmentd

varigble (lambda-1 column).

Table 55: Conditiond effects of CCA. Percentage preferred species, tuft density, mean
vighility, disance to water and percentage leaf phosphorus al computed significant
contributors to patch selection.

Conditiond Effects

Vaidle Va.N  LambdaA P F
% Pref sp 9 0.27 0.000 52
Tuft dengty 5 0.19 0001 395
Meen vighility 1 011 0011 214
Dist towater 2 0.09 0033 193
Grass %P 7 0.09 0017 195
Grass %Moisture 4 0.06 0.201 126
Grass %N 6 0.06 0328 111
Grasssem: ledf 8 0.03 0.701 038
Grass Forb 10 004 0674 0.76
Woody density 3 0.02 0949 041

Conditiond effects - shows the environmentd variables in order of therr incduson in the
mode, together with the additiond vaiance each vaiadle explans a the time it was
induded (lambda-A) and, if Monte-Carlo tests were asked for, the dgnificance of the
vaigble a that time (P-value) together with its tet datidic (Fvaue). A vaidble
contributes  ggnificantly (at the 5% dggnificance level) to the modd of dready included
vaiadlesif the P-vdueislessthan or equa t0 0.05.
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FHgure 45: CCA diagram illudrating relative importance of environmentd varigblesin
feeding patch sdection. The length of the vector depicts its importance. The more
important the vector isto the patch or set of patches, the closer it will be to them. The
vectors and a brief explanation of each used in Figure 45 is given beow:

1. Tuft dengity - a grass abundance index; referring to how closdly packed the grass tufts
are.

2. Mean vighility — the mean measurement of the four maximum measurements taken at
1.5min each patch.

3. % moigture — the mean percentage moisture content of the grass species for the patch.
4. % P — mean percentage Phosphorus of each paich.

5. SL — mean sem to lef ratio of the grass tufts in each patch.

6. %N — mean percentage lesf Nitrogen of the grass tufts in each patch.

7. G:F — grassto forb ratio of each patch.

8. Dist to Water — the distance of each patch from the nearest water source.

9. Woody density — the combined dengty of dl woody growth forms for each paich.



10. % Pref sp. — the relative percentage of preferred species occurring in each patch.

4.4.2.9 Importance of environmenta variablesin control paiches

None of the variables teted computed significant under the Monte Carlo permutation test
(Tables 56 and 57). Didance to waer, grass forb ratio, mean vishility and sem: lesf
proportion were the important effects (Figure 46), both margindly and conditiondly.

Table 56: Margind effects of CCA. Digstance to water and grassto forb ratio explained the
most variagbility in control patches.

Margind Effects

Vaidle Va.N Lambdal
Dist to water 2 015
GF 10 0.15
Meen vishility 1 0.1
SL 8 0.09
Tuft density 5 0.07
%N 6 0.06
% pref sp 9 0.05
%P 7 0.05
Woody densty 3 0.03
%Moisture 4 0.03




Table 57: Conditiond effects of CCA. Distance to water and grassto forb ratio explained
the mogt variability in control patches; asit did in the margind effects andysis (Table 56).
None of the tested environmenta variables computed sgnificant for control patches.

Conditiond Effects

Vaigde Var.N LambdaA P F

Dist to water 2 0.15 0.118 147
GF 10 015 0.106 1%4
Meen vighility 1 01 0412 0.99
SL 8 01 0492 0.96
%N 6 01 0373 107
% pref p 9 0.07 079 066
%Moisture 4 0.06 0855 0.63
%P 7 0.08 0.752 0.72
Tuft density 5 0.05 0897 052
Woody densty 3 0.05 098l 041
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Figure 46. CCA of contral plots, showing relaive importance of environmenta varigbles

The vectors and abrief explanation of each used in Figure 46 is given be ow:

1. Tuft dengty - agrass aundance index; referring to how closaly packed the grass tufts

are.

2. Mean vighility — the mean measurement of the four maximum messurements taken at
1.5m in eech patch.
3. % moisture— the mean percentage moisture content of the grass species for the patch.
4. % P — mean percentage Phosphorus of each patch.

5. SL — mean gem to ledf ratio of the grass tuftsin each patch.

6. %N — mean percentage lesf Nitrogen of the grass tuftsin each patch.
7. GF — grassto forb ratio of each patch.

8. Dist to Water — the distance of each patch from the nearest water source.
9. Woody dendty — the combined dendity of dl woody growth forms for each patch.
10. % Pref sp — the relative percentage of preferred species occurring in each patch.




4.5 Summary and Condusions

Ordination of the feeding and control patches did not separae the two treatments in
ordinaion space but ingead they shared a large overlap. This dludes to fact that the
community dructure of the two trestments does not differ Sgnificantly. Both the feeding
and control peiches showed a drong unimoda response, providing evidence thet some
environmental optima were coupled to the patches. One might expect this to be the case
with feeding patches, as the high species sdlectivity exhibited by the herds must be coupled
to certain environmentd factors.

Ordination effectively adlows one to search for patterns and relaionships in the data. This
patern was based on the undelying subdtrate, whereby a farly dear divison weas
obsarvable between granite and basdt paiches No dmilar patern was found with
geomorphologica unit (catend position), Season or aspect.

Interpretation of the species data in the ordination diagram reveded tha feeding patches
were comprised of a higher abundance of preferred forage species than were control
paiches. Governed by the centroid principle, P. maximum P. coloratum, D. eriantha, T.
triandra, and U. mosambicenss were pogtioned centrdly in the feeding patch diagram,
meaning that the species point in the ordinaion diagram is a the centroid of the sample
points in which it occurs. Conversdy, control petches contaned modly unpdateble,
avoided gpecies in the centrd portion of the diagram, implying tha the reason herds
avoided these patches was due to an inadequate proportion of preferred grass species The
avoided species incduded B. insculpta, B. radicans, D. aegyptium, E. cilianenss, B.
deflexa, A. congesta ad E. trichophora.

Feeding peaches on the basdt plans condsed predominantly of P. maximum, P.
coloratum, C. ciliaris, U, mosambicens's, and T. triandra, while paiches on the granites
were comprised mogly of D. eriantha, T. triandra, E. superba and U. mosambicenss. This
shows while occurrence of certain species may vary due to geologicd condrants, there
was a high degree of overlgp in species compodtion of feeding paiches across both
substrate types.

Canonicd Correspondence Andyss (CCA) of patch dependent and independent varigbles

reveded that the percentage of preferred species in a patch explained the mogt variability



in the data. Tuft dengty, maximum vishility and the distance to the nearest drinking water
were then the mogt important variables determining patch selection.



5 Chapter 5. Forage sdection of herds

5.1 Introduction

Fundamentd to the underdanding of dl scde-rdaied herbivore habitat sdection is the
knowledge of what the primary forage requirements of an animd ae in tems of plant
gpoecies compogtion and the species dependent factors that might determine these food
preferences. Food sdection a the plant species level has been well documented for buffao
(Sndair, 1977; Prins, 1996, Macandza et al., 2004; Pienaar, 1969; de Graaf et al., 1973;
Sak, 1986; VeseyFtzgadd, 1974; Leuthold, 1972, Pearin & BreareonStles 1999
Hansen et al., 1985) and the rdationship with nutritive vaues and plant dructure of the
plant species concerned (Sindar & Gwynne 1972, Hed, 1976; Mugangu et al., 1995).
Two of the aove-mentioned publications on feeding sdection were conducted in the KNP,
namedy PFenaar (1969) and Macandza et al. (2004). Fienaar (1969) collected 100 rumen
content samples during routine culling operaions in the Crocodile Bridge region of the
pak (south esstern region). The full microscopic andyss was never completed and only a
limted number of domach contents were andysed, yidding a prdiminary record of
goecies eden. Interestingly, he liged the following five species that appeared to be
preferred throughout the year, Themeda triandra, Panicum coloratum, Digitaria sp.,
Panicum maximum and Heteropogon contortus. Macandza et al. (2004) found Panicum
maximum, Panicum coloratum, Cenchrus ciliaris and Heteropogon contortus to be
important forage species over the late dry season for buffdo herds in the centrd Satara
region. Thexe reslts compare cdosdy with my findings implying that buffdo forage
section shows condgent trends both spatidly and tempordly in the KNP. In fact, while
species didributions will vary across geogrgphic expanses, ingpection of species ligs cited
by other authors (Wenizd et al., 1991; Macandza et al., 2004; De Wet, 1988; Pienaar,
1969) show that a number of grass genera ae commonly sdected and rank condstently
among the preferred species of buffao.

A number of dudies have shown that not only are buffdo capable of sdecting for plant
gpecies, but dso for plant pat. Sncar & Gwynne (1972) examined the rumen contents of
buffdo in the Serengeti at different times of the year, to determine if the behaviourd
section of grass oecies gopeared to be concerned with maximisng the nutrient qudity of
the food requirements. They showed that buffdo exhibited a preference for species with a
high lesf to gem ratio, commonly accepted as a caveat for nutrient quaity as leaves
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contain higher crude protein than do stems (Owen-Smith, 1982). Fdd (1976) andysed the
more important grasses to buffdo, chemicdly and physcdly. Stem to ledf ratio is
conddered to have influenced the gpecies eaten, as was the percentage green lesf of
sdected grasses. A negative response to the dlica presence in dead leaves was dso
observed. These factors act as a combination of aitractants and repelents that determine
how the animd regponds (Fed, 1976). His observaions suggest that sdective grazing
enables a herbivore to consume a diet of dgnificantly higher nutritive vaue then that of the
average sward.

The rationde for my work was not intended to give detaled quantitetive data on buffdo
forage sdection, but rather highlight broad trends throughout the year that would hep
place pach sdection criteria into perspective. If animd decison-meking is indesd
hierarchicd in naure, decisons made a a lower levd in the hierarchy eg. feeding dtetion,
will directly influence and contextualise those made a a higher leve.
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5.2 Maeidsand methods

Within each 20x10m quadrat, used to determine the characteridtics of the feeding petch, a
ubjective edimate of gpecies utilisstion was conducted. This amed to track Species
preferences through the year and to note to what degree they were utilised. The degree of
utilisation was related to two aspects, namely

1. The percentage of the available tufts of that species that were utilised within the quadrat
and,

2. The proportion of the individud tufts of that species that was removed by bites.

The utilised tufts were dasdfied into one of the three following subjective categories: high
(mgority of a species tufts were removed), moderate (some utilisstion of a gpecies tufts
removed, but not extengvely) or light (very little utilisation).

This egimaion was conducted by extensvdy waking throughout the quadrat and
recording al species tha had been utilised by the herd, thus producing a seasond species
preference inventory, reaing to its abundance (densty) within the Ste, and it's seasond

nutritive values.

Fgures 47 and 48, showing changes in species sdection through the year, were generated
usng data collected by Macandza et al. (2004) during the late dry season of 2002. | then
continued to collect the same daa following the same methodology to complete a caendar
year worth of longitudina data of the changes in species selection.

5.2.1 Sdidicd andyss

Pearson’s product moment corrdation coefficient (Statsoft, 2004) was used to test if a
linear relationship exided between grass gpecies acceptance and a number of grass tuft
atributes  induding phytomass, percentage lesf Nitrogen and Phosphorus and  Stem
proportion. This was done in order to gan an indght into why cetan grass species ae
preferred over others.

Multiple Linear Andyss (Staisoft, 2004) was adso used to test for interactive effects on
grass acceptance between independent variables. The generd purpose of multiple
regresson andyses is to identify any relaionship between severad independent or predictor
variables and a dependent or criterion varigble (Statsoft, 2004).
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5.3 Realtsand discusson

5.3.1 Grass species preferences

A ddaled report of the species that occurred in feeding petches over both the wet and dry
season and their categories of degree of utilisstion are liged in Appendix 2. Appendix 3
ligs, in order of preference, the species that occurred in feeding patches and indices of
sdection. Table 58 provides an overview of the number of patches the species occurred in
and the degree of utilisation of the five most preferred species, for both seasons.

Table 58: Summary of the five most preferred grass species. Utilisation class specifies the
modd category in which mogt observations were meade for that species.

Species Season No of patches Utilisation class (mode)
Panicum maximum Wet 30 Heavy
Dry 33 Heavy
Themedatriandra Wet 18 Moderate
Dry 26 Moderate
Panicum coloratum Wet 20 Moderate
Dry 23 Light
Digitaria eriantha Wet 19 Heavy
Dry 23 Heavy
Urochloamosambicens's Wet 18 Light
Dry 2 Light

142



Grass species selection - Granite
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Figure 47: Grass species acceptance of herds on granitic soils throughout the year. Figure

47 shows how sdectivity for the more commonly utilised grasses varies over the year
(expanded from Macandza et al., 2004). The abbreviated vaues in the legend refer to the
following species. Pan max — Panicum maximum, Pan col — Panicum coloratum, Het con —
Heteropogon contortus, Thetri — Themeda triandra, Dig eri — Digitaria eriantha, Uro mos

— Urochloa mosambicensis.

Highest levels of acceptance of preferred species are seen over the dry months when grass
gpecies sdection pesks. The cordllay to this may occur a the very end of the dry season
when availability of these species is scarce, and buffdo may need to supplement their diets
with previoudy avoided species (Macandza et al., 2004). The drop in acceptance of dl
species over the wet months equates to an increase in the variety of species accepted. Due
to wetter conditions more species are likely to be paaable over this period. The variation
in acogptance is demondrated in Figure 48.
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Grass species selection - Basalt
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Figure 48: Grass speci es acceptance throughout the year by herds on basdt soils The study
period spanned 16 months resulting in some months induding data for both years (2002

and 2003) (expanded from Macandza et al., 2004). The abbreviated vauesin the legend
refer to the following species. Pan max — Panicum maximum, Cencil — Cenchrus ciliaris,
Pan col — Panicum coloratum, Thetri — Themeda triandra, Dig eri — Digitaria eriantha,

Uro mos— Urochloa mosambicenss.

A dmilar patern to the granites is apparent on the basdt with exception d C. ciliaris and
D. eriantha, which were highly accepted over the wet season. This was due to late rans
and the subsequent need for buffdo to utilise egpecidly C. Ciliaris, which retains its
greenness wdl into the late dry seeson dong the riverine reaches. The smdl amount of
ranfdl tha fel in November may have improved soil moisure conditions on the granitic
soils but would only have an ephemerd impact on soil moisture on the basdt soils due to
ther higher CEC (cation exchange capecity). This would necesstate the herds to revert to
the riverine areas until more substantid rainfal arrived in February.
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5.3.2 Physicd and chemicd influences on species acceptance

Grass physcd and chemicd properties are highly variable for a given species even within
a locdised aea An example may be a tuft of Panicum maximum that occurs on the
southern Sde of a tree compared with a conspecific on the northern side. Due to increased
exposure to direct sunlight, paticularly over the winter months, and a subsequent increase
in evgpotrangpiration, it is likey thet the tuft on the northern sde will have lower moisture
content. This was dealy evident while working in the fidd, whereby a grass tuft bdow a
tree or shrub would be greener on its southern sde than on its northern sde. Hence, trying
to investigate the relationship between acceptance and average values for grass pecies
atributes within a patch is fraught with difficulty. Usng the average vdue for the attribute
in question may not accurately reflect the choices the animd makes. An animd within a
locdised area might sdect for a specific forage atribute from a given species that it may
only find in certain of the available tufts.

5.3.2.1 Phytomass

The rdationship between grass acceptance and phytomass showed the drongest
relaionship (r=0.36) (Figure 49). Acceptance is defined as the number of feeding paiches
in which that grass gecies was utilised, irrespective of the degree of utilisstion. As buffdo
are commonly accepted as bulk-grazers, with the need to fill a cgpacious rumen, this result
comes as ho surprise. The fact that the rdationship is rdatively week suggests that severd
grass attributes combined may be needed to determine selection criteria
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ACCEPTANCE vs. AVG P_MASS
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Figure49: Grass acceptance as afunction of phytomass. The number of patchesin which a
grassis egten is plotted againg the species phytomass (kg/ha). The linear rdaionship
between phytomass and “ Acceptance” (r=0.36) is not strong.

5.3.2.2 Percentage leaf Nitrogen content

No corrdation was found between mean acceptance and mean percentage leaf Nitrogen
content (Figure 50). This however, does not imply that crude protein content of the grass is
not an important sdection criterion. The lesf Nitrogen content messurements are only
mean vaues for the paich, and not actud measurements from the specific tuft sdected.
Animas sdect & multiple scdes, and the methodology usad in this dudy was intended to
measure larger paich scale variables, and may not have been gppropriate to ascertain fine-
scde differences in forage sdection. Foraging information was collected in order to
contextualise the larger-scale patch selection and place sdlection criteriain perspective.

Other dudies have indeed shown crude protein to be a deciding factor in forage sdection
(Mugangu et al., 1995; Fidd, 1976; O'Reagain & Mentis, 1989).

A rdaivey drong podtive linear rdationship exids between tuft moisure content and
percentage leaf Nitrogen content (r=0.59) (Figure 51). This redationship would presumably
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be dsronger had the lesf moisture content (not the entire tuft, which includes the stems)
been compared with the percentage leaf Nitrogen content. Fgure 44 shows that no
corrdlation exists between grass acceptance for a given species and its percentage ledf

Nitrogen content.
ACCEPTANCE vs. AVG%N
AVG%N = .98326 - .0002 * ACCEPTAN
Correlation: r = -.0069
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Figure 50: Grass acoeptance and its correlation with percentage leaf Nitrogen content.
Thereisno rdationship (r=0.0069) between “ Acceptance’ and percentage grass ledf
Nitrogen content.
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AVG%MOIS vs. AVG%N (Casewise MD deletion)
AVG%N = .53973 +.01472 * AVG%MOIS
Correlation: r = .59161

3.2

28T (o) o
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00 ; ; ; ; ; ; ; ; Sa Regression
-10 0 10 20 30 40 50 60 70 80 95% confid.

AVG%MOIS

Figure 51: Linear rdationship between mean percent grass moisture content and mean
percentage leaf Nitrogen content. A moderately strong relationship (r=0.59) is computed.

5.3.2.3 Percentage leaf Phosphorus content

A non-ggnificant correlaion was computed befween mean acceptance and mean
percentage leaf Phosphorus content (Figure 52). Wallis de Vries & Schippers (1994) found
Phogphorus  content  of forage proved rdatively Sgnificant in determining  hebitat
occupancy of free-ranging cattle. Once again, the sampling design employed may not have
been slitable to detect fine-scde differences in grass leaf Phosphorus content. It may aso
be possble that different nutrient and minerd components may be important at different
times of the year and even to different age groups of animds, when that nutrient is in
limited supply or when animd physologicd demends for it are highest (eg. during foetd
development). Andysng such daa across seasons and amadgamated age groups may hide
such finer reaionships Wadlis de Vries & Schippers (1994) saed the following: “The
importance of minerds as a potentid factor in the differentiation of habitat use advocates
the condderation of a variey of nutrients in foraging modds Habita sdection then
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becomes a decison process during which time is dlocaed to different habitats in
proportion to their supply in severd required nutrients’.

Mogt optimd foraging modds use enegy or proten as the important vaiable to be
maximised (Wallis de Vries & Schippers, 1994). However, many sudies have suggested a
section of complimentary nutrients (Rapport, 1980; Thomson et al., 1987, Bedovsky,
1990) reather then looking soldy for linear rdationships with a dngle nutrient or minerd.
Grass moidure content aso determines the quantity of Phosphorus contained in the leaves
(Figure 53). The rdationship is wesk, but dill shows the influence of grass moidure
content on leaf phosphorus content.

ACCEPTANCE vs. AVG%P
AVG%P =.13497 + .00046 * ACCEPTAN
Correlation: r =.12547
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Figure 52: Grass acceptance corrdated to percentage leaf phosphorus. A very wesk
relationship (r=0.12) was computed between percentage Phosphorus and “ Acceptance’.
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AVG%MOIS vs. AVG%P (Casewise MD deletion)
AVG%P =.09711 + .00169 * AVG%MOIS
Correlation: r = .42407
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Figure 53: Linear reationship between percentage leaf Phosphorus content and percentage
plant moisture content. A moderately strong relationship (r=0.42) was computed between
lesf Phosphorus and grass moisture content; less so than between leaf Nitrogen and grass
moistiure content though (Figure 51).

5.3.2.4 Grassgemto ledf ratio

No rdationship between grass sem to lef ratio and species acceptance was evident
(Figure 54). Severd other dudies have found the stem to lesf ratio to be an important
sdection criterion in forage sdection (Sndar & Gwynne 1972, O'Reagan & Mentis,
1989; Mugangu, 1995). The high frequency of acceptance of D. eriantha by herds on the
granitic soils may be duein part to its low sem proportion.



ACCEPTANCE vs. AVG S.L ratio
AVGS_L =.44449 - .0002 * ACCEPTAN
Correlation: r = -.0200
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Figure 54: The linear relationship of grass acceptance with grass sem to lesf ratio. A mild
inverse relaionship (r=-0.02) exists between grass stem proportion and “ Acceptance’.

5.3.2.5 Percentage grass moisture content

Surprisngly, a negaive corrdation between acceptance and percentage grass moisture
content was computed (r=-0.18) (Figure 55). Moidure content is likdy to be the most
vaiable dtribute both tempordly and spatidly. A tuft of grass bdow a thicket of shrubs
will retain a higher moisture content than one transpirating in a dearing in the midday sun.
A tuft may even lose moidure within a 24 hr period if sol moigure is low and
trangpiretion rates are high. Hence, not sampling the specific tufts utilised combined with
time ddays between time visted by the herd and sampling, may dl prove problematic in
trying to deduct red differences.

Hdd (1976) found a podtive rdationship between buffdo preference and the proportion of

green leaves of the sdlected pecies.
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ACCEPTANCE vs. AVG%MOISTURE
AVG%MOIS = 35.584 - .1936 * ACCEPTAN
Correlation: r =-.1768
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Figure 55: Grass acceptance correlation with percentage tuft moisture. An inverse
relaionship (r=-0.18) was computed between percent grass moisture content and
“ Acceptance”.

5.3.3 Interactive effects (Multiple linear regresson)

Multiple regresson andyss was not adle to highlight any interactive effects between the
dependent variable “Acceptance’ and the various chemicad and physicd independent
variables or properties of the grassesin feeding patches (Table 59).



Table 59: Multiple regresson summary for the dependent variable “ Acceptance’. All
possible explanatory variables used and the amount of variability eech explains.

. Br. S Err.
BETA ofBETA B of B t(19) plevd Mean Stdev.
I ntercept 5163 20.357 024 0802
P/mass 0293 0299 0046 0047 0979 0340 132283
%N (010774 0552 1699 20.099 0085 %4 0981
%P 0071 0459 17611 114473 01%4 087 0142
SL 0017 0274 1466 23542 0062 0951 0441

%Moisure -0189 0371 -0160 0315 0509 0617 32050
R=0267, R= 0071, F(519) = 0292, p < 0910, SE = 17.397




54 Summay and Condusions

This sudy has shown the ability of buffdo to sdect for gpecific grass species, in order to
maximise for crude protein and other minerds.

Species seection within the KNP seems congstent both spatialy and tempordly.

This component of the dudy wasn't aile to show which of the grass dependent variables,
or combinaion thereof, was important in determining acoceptance. The methods employed
were mogt likey inadequate (the use of mean vaues), and one would idedly need to
compare these variables measured from utilised tufts with those of unutilised ones, to be
ableto detect any red differences.

What this portion of the sudy did show was the grass species that buffdo preferred and
avoided. The five most preferred species were Panicum maximum, Themeda triandra,
Panicum coloratum, Digitaria eriantha and Urochloa mosambicensis Acceptance of these
species is highest over the dry months and lowest over the rainy season, when the vaiety
of acoepted plants increases probably due to an ovedl increese in pdaability of the
generd grass sward.

Tuft phytomass showed the Strongest podtive linear reationship with acceptance, while
surprisingly, percentage moidure content showed a negative corrdaion. It was surprising
because a podtive corrdation exists between percentage moisture content and percentage
lesf Nitrogen and Phosphorus content and one would expect buffalo to be maximisng on
these limiting nutrients over the dry months.

No interactive effects were evident in the multiple linear regresson andysis, where dll

independent variables were invedigated.



6 Chapter 6: Implications for management of buffalo populations

6.1 Introduction

Effective management of an ecosystem, a protected area or anima populaion can only be
caried out with a comprehensve undersanding of the entity being managed. Wildife or
conservation management sddom has the luxury of comprehensve underganding of the
sydems beng managed and this dudy would be incomplete unless the scientific
conclusons ae contextudised for management. Buffdo metgpopulation management in
South Africa requires sound knowledge of the resource reguirements of the species, which
idedlly should be ascertained from a wild freeranging populaion, as a benchmark. Medton
& Head (1992) dam tha only when an ungula€s foraging behaviour, under optima
resource conditions is known, can it sarve as an index of habitat quality. Understanding
these resource requirements dlows management of the reserve or ranch to manege the veld
(vegetative resource) in such a way as to meat these daly requirements and ensure a
hedthy productive population. As a member of the “Big Five’ buffdo have dways been a
highly vaued species in the hunting fraternity as well as in ecotourism operaions. Ther
monetary vaue has recently increased to unprecedented leves with the advent of disease-
free breeding endeavours, where common diseases to this species are outbred to dlow for
trandocation to dl regions of the country. Due to the expense involved with purchasng a
diseasefree herd and its re- establishment, it necesstates now more than ever, a sound
knowledge of the species, its habitat preferences and physologica requirements, to reduce
unnecessary mortalities and promote positive populaion growth.

Apat from these generic reasons for requiring sound ecologicd data on the species, much
herbivore ressarch in the KNP has been focussed on the browsing guild (du Toit, 2003),
with detalled dudies on grazers compaaively lacking. Severd dudies that began on
buffdo in the pak were never completed. Other dudies invedigated the micro- or macro-
patch (Macandza et al., 2004; Wentzd et al., 1991) of buffdo with no consderation for
intermediate patch scales.

Bovine tuberculoss (BTB, Mycobacterium bovis) has entrenched itsdf in the KNP system,
paticuarly in the buffdo population, which is consdered the primary mantenance hogt of
the discase (Bengis et al., 1996). This pathogen has no detectable deeterious effect on
populaion dructure a this stage (Rodwel et al., 2001; Caron et al., 2003) but may have in
the future, should prevaence levels of the disease increase. Buffdo are naturdly regulated



by environmentad extremes which depletes lifegiving resources (Sindar, 1974).
Underganding these resource limitations may endble managers to predict future impacts of
the combined effects of BTB and drought on the population, and teke necessary
management action pre-emptively to avoid unnecessary long-term impects.

6.2 Synthessof research and potentid management implications.

6.2.1 Managing for habitat preferences

Buffdo have severd habitat requirements beddes f feeding, incduding protection from
environmental  extremes, predator avoidance and water for drinking and wadlowing. This
sudy has shown how these factors contribute to the sdection of feeding patches as patch
independent  variables. Mugangu et al. (1995) found the factors affecting habitat sdection
of buffdo herds in Virunga Naiond Pak, Zare gppeared to be food qudity, proximity to
water, and risk of predation; which compare well with my sudy’s findings

Observation reveded tha herds fed in rddively open aess (herds feeding are vulnerable
to lions as vigilance is low, necesstating them to use areas of good vishility) where a
more heavily wooded area was within a reasonable waking distance. Once herds were
finished feeding they would take cover benesth the canopy of large trees and wait out the
heet of the day.

This meant that resting individuads could get up a aty time and individudly or in smdl
groups (epecidly bullsy move back into the paich to feed intermittently. This was
especidly gpparent in the winter months when herds would include a third feeding sesson
into thelr daly routing, during midday, a dmilar paten to that seen by Sndar (1977) in
Serengeti. This was due to lower daytime temperatures and lower winter qudity of feed.

These vaiddle habitat requirements can be promoted by implementing management
drategies that creste mosac effects in vegedion dructure, and not the agriculturd
aoproach of vegetative homogeneity. This will influence fire regimes atificdd bush
clearing and the placement of water points.



6.2.2 Bulk grazers are selective feeders

A common perception in literature is that bulk feeders are not sdective for forage (ven
Hoven, 1990) and as such only require large quantities of materid, which they presumably
would obtan randomly from whaever is immediady avalable to them. Other <udies
have shown thet buffdo, as a ruminant, require a combinaion of high qudity gress and
high fibre content (Beskman & Pring 1989), sdecting for rdativey nutritious grass
species and partsin order to maximise intake of protein and carbohydrates (Sinclair, 1977).

The centrd fact that has emerged from this work is that whils buffdo are certainly bulk-
grazers, physologicaly condraned as such by a cgpacious rumen chamber and the nature
of their food source, they do and are capable of sdecting for specific plant species. These
preferred species remain in the diet of the herds throughout the year, dthough their digtary
contribution may vary seesondly.

This information is criticd when veld management decisons need to be made, as these
decisons need to ensure that any management action will retain an adequate percentage of
these preferred species in the grass sward.

6.2.3 Carrying cgpecity determination

Most carrying capacity (CC) determination methods produce a single figure that relates to
the totd biomass, thence the number of animds, that a given area can sudtain for one year
(Messner, 1982, Mentis & Duke, 1982). No condderdion is given to the specific habitat
requirements of the gpecies concened, nor to possble faclitaiory or inter-gpecific
competition that may teke place between such grazing pecies, in turn affecting this figure
pogtively or negeivey. As such, detal is not presently induded in any CC determingtion
method, and a manager would need to consider the habitat preferences of buffdo to make a
subjective adjustment to any CC figure computed.

Vegetation communities are hierarchicd in nature (Senft et al., 1987) with severd
micropatches combining to form a lager feeding patch that in turn combined forms a
larger landscape, hence vegetation communities are afected by scde (Panagos, 1995,
Wedtfal et al., 1996). The CC of an area for buffao could thus be determined by using the
percentage suitable feeding petches (or vegetation communities a fine scae) contaned
within a landscape or resarve. This may be difficult to achieve in redity, but may be
possble with remote sensng images and/or intensve infield vegeation surveying. Herds



not only need a criticadl aundance of preferred species within a patch, before they will use
it, but they dso have the soaid requirement of a suitably large pach or aea to
accommodate the entire herd. Patch size is thus likely related to herd Sze, as can be seen
with buffao bulls that commonly utilise narow corridors of suitable habitat dong riverine
aress (Sindair, 1974), and needs to be considered when considering patch requirements.

6.2.4 Artifidd water points

Avallable drinking water was possbly the largest condrant on how far the herds could
move in seach of suiteble forage. Preferring to drink twice during daylight hours, herds
were redtricted to areas of permanent water. The most distant patch recorded from water
was 5.6km during the dry season, meaning the herd was restricted to drinking once a day
due to the long digtances required to travel to obtain suitable forage. This ranging distance
should be conddered when placing atificid weater points. Water points need to be placed
conddering dry seeson water avaldbility. Impact around weaterholes in winter can be
svere (an effect known as a Piogphere (Thrash, 1997)) and depending on the suite of other
ungulates species coexising with the buffao, cognisance needs to be taken of the distance
separating waterpoints. Should shy or water independent ungulate species occur on  the
reserve, pockets of veld remaining inaccessble to buffdo should be encouraged, mesning
that distances between water points may need to gpproach ten kilometres. This will provide
hebitat for these water independent species and dso ensure a move even digribution of
movement over the year, as herds will then be able to use these under-utilissd zones during

the rany season, when naturd pools and ephemera dreams provide water and ultimately
accessto these areas.

6.2.5 Supplementary feeding

Grass reponds rgpidly to changes in soil moigure (du Toit, 2003). This effect is illusrated
by these plants having pesks in crude proten content that coincide with ranfdl events
(Figure 56 and Fgure 3). When soil moigure is high, the percentage Nitrogen and
Phogphorus  fixed in the grass tufts is dso correspondingly high, supplying adequate
nutrients and minerds to grazers over this peiod. During dry spdls the bulk of avalable
forage can no longer supply adequate nutrients to the grazing guild. In large reserves
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animas can compensate for this by utiligng riverine and low-lying areas that have
reatively high soil moisture content and thus retain a degree of green grass (Sindair, 1977,
Macandza et al., 2004). Smdler reserves face a more difficult task than larger reserves, of
ensuring that the herds survive the dry period, and the use of supplementary feed becomes
necessary to reduce mortdity and ensure high femde fecundity. Prins (1996) proposed thet
buffdo need to maintan a diet of a leest 7% crude protein, to ensure normd physologicd
processes. All the veld grasses andysed during this sudy dropped below this critica
threshold over the dry months, highlighting the necessty for managers of more intensvely
managed populaions to supply protein supplements over this period to ensure a hedthy,
productive populaion. Bird (2004) showed that buffdo cows had much lower caving
success and cdf surviva over dry years than wet ones.

This efect of crude protein content dropping bdow a citicd threshold is evident in the
buffdo populaion of the KNP, bassd on aeid census daia conducted annudly by
SANParks (Whyte, 2004). The buffdo are regulated by longterm trends in ranfdl, with
the KNP population gpproaching 30000 during good rainfdl peiods and dropping to
about 15000 during dry ones These dradic fluctuations in population numbers can be
avoided if adequate, nutritious forage and water is provided over dry yeard seasons.
Interegtingly, three of the five most preferred grass species of buffdo namey, Panicum
coloratum, Panicum maximum and Urochloa mosambicenss dso showed the highest
crude protein content throughout the year, but especidly over the rainy season (Appendix 4
tabul ates percentage Nitrogen for dl grasses sampled over the study period).
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Figure 56. Comparing the crude protein content of preferred grass species over the
duration of the project as well as with the other less selected species. All are compared to
the 7% threshold (maintenance level) proposed by Prins (1996).

6.2.6 Hreregime

Pog burn regrowth is a well sought after resource for most ungulates, with buffao being
no exception. New growth is higher in crude protein and lower in crude fibre (Fidd, 1976).
Green flushes @ the beginning of the wet season provide a high protein food source to hdp
replenish depleted reserves suffered during the dry season. Fire is a naturd and necessary
component of any ecosysem and should be employed into the management of any naturd
aea Burn blocks need to be large enough to handle the influx of game onto the area
Buffdo too will reman in a bunt area for weeks before moving on. However, caution
must be exercised over the dry season and dry cycles. While grasses are dormant over this
period and any possble negative impacts on the herbaceous layer by burning will be
minima (Tanton, 1999), buffdo dgill require bulk forage to peform optimdly, and should
the bulk of a herd's home range be removed by fire over a dry spel, losses and greetly
reduced performance, can be expected.
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Appendices
Appendix 1

Coordinates of feeding patches and control Stes. An “A” suffix depicts a control patch.

Releve | UTM_E|UTM_N
1 38004 7315479
1A 379877 7315659
2 383271 7316156
2A 383416 7315879
3 360676 7316507,
3A 382845 7316564
4 38213 7316647
A 381997 7316601
5 383474 7314603
5A 383771 7314397
6 374104 7313431
6A 37430 7313742
7 371741 7314311
7A 371565 7314215
8 372149 7314355,
8A 372421 7314413
9 35647 7299562
9A 355281 7299749
10 357669 7300570
10 357790 7300241
11 360474 7301450
1A 350481 7301725
2 37931 7311118
A 379510 7310098
13 375016 7308960
13A 37489 7309030

Releve | UTM_E|UTM_N
44 388049 7310794
20A 387760 7310831
5 37220d 7294569
A 372507 7294606
16 380797 7318217
6 380711 7318443
47 384911 7308115
7 384904 7307866
48 377454 7281715
48\ 377561 7281497
49 387624 7312512
290 387329 7312492
50A 381861 7317616
50 382109 7317581
5IA 381457 7316845
51 381490 7317140
52 356146 7292568
5A 366137 7292814
53A 35520 7299119
53 35121 7299333
5IA 382501 7316818
54 382341 7316950
A 361320 7300557,
55 361265 7300879
56 36157 7299188
56A 36135 7299278
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14 356071 7300365
14A 356250 7300206
15 355024 7297793
15A 354019 7297868
16 355579 7296991
16A 35462 7297012
17 385445 7313359
17A 385563 7313146
18 373580 7313034
18A 373519 7313503
19 384153 7315507
19A 38438 7315803
20 385722 7313359
20A 385697 7313682
21 357468 7299741
2A 357365 72996A
22 357661 7300518
22A 357839 7300655
23 373665 73133%
2A 373687 7313563
24 374512 7311750
28A 374478 7311485
25 359395 7301220
2A 359437 7301404
26 355929 7296497
20A 355974 7296726
27 377253 7315101
2Z7A 37731 7314938
28 362509 7288720
28A 362410 7288678
29 374453 7305407
29A 374240 7305369

57 383257 7315509
57A 383080 7315416
58 387591 7315602
S8A 387305 7315537
59 389795 7312961
S9A 389644 7313107
60 38345 7316099
60A 383710 7315924
61 372187 7314260
61A 372003 7314158
62 372929 7313764
62A 372861 7313430
63 34874 7273014
63A 354655 7275026
64 357062 7273662
64A 356913 7273400
65 384524 7322304
6oA 384304 7322071
66 361211 7299858
66A 361214 72996065
67 361001 7298860
67A 361215 7298750
68 370559 7309359
68A 370929 7309742
69 359339 7299832
69A 359047 7299623
70 370919 7309471
T0A 370797 7309672
71 378901 7313879
71A 379168 7314220
72 359501 7298255
T2A 350348 7298356
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380514

7310266

7310006

355149

355100

383937

7319381

383719

7319390

357764

357890
379260

7300501
7310944

379421

7311218

375589

7311926

375374

7311912

361248
361289

7300816
7300670

361683

7301465

361470

7301588

7315487

387895

7315712

358217

7302079

358119

7301942

41

391692

7315741

41A

392087

7315871

42

374449

7291760

374328

7291885

361781

361626

73 3764084 7317079
3A 376143 7316824
74 377421 7319501
T4A 377247 7319521
75 365920 7302073
75A 365893 7301856
76 366112 7301637,
T6A 3658417 7301672
77 372674 7313566
T7A 372769 7313357
78 300489 7314586
T8A 300317 7314715
79 360352 7297270
79A 360168 7297144
80 384106 7315268
80A 384201 7315104
81 363049 7302268
81A 363234 7302319
82 306783 7302607
82A 366765 7302344
83 384417 7314169
8A 384478 731430
84 38204 7316857
84A 381939 7316625
85 373019 7311014
8A 372942 7311219
86 372345 7313958
86A 371820 7313763
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Appendix 2

List of grass species the degree of utilisation in the two sampled seasons. Season 1 =
wet season, 2 = dry season. “No, of patches’ indicates the number of patches thet the

species occurred in, in which it was utilised. “0” indicates the Species was not

utilised.

Species Season Degree of utilisation No. Patches
Achyropsis|eptostachya 2 0
Aristida adscensionis 1 0
Aristida adscensionis 2 Light 1
Aristida congesta subsp.
barbicollis 1 0
Aristida congesta subsp.
barbicollis 2 Light 1
Arigtida congesta subsp.
congesta 1 0
Aristida congesta subsp.
congesta 2 0
Aristida sp. 1 0
Bothriochloa insculpta 1 Medium 1
Bothriochloa inscul pta 2 Light 1
Bothriochloa insculpta 2 Medium 1
Bothriochloa radicans 1 Heavy 1
Bothriochloa radicans 1 Light 4
Bothriochloa radicans 1 Medium 1
Bothriochloa radicans 2 Light 3
Bothriochloa radicans 2 Medium 2
Brachiaria deflexa 1 Heavy 1
Brachiaria deflexa 1 Light 1
Brachiaria deflexa 2 0
Brachiaria eruciformis 1 Medium 1
Brachiaria nigropedata 1 Heavy 1
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Brachiaria nigropedata 1 Light 1
Brachiaria nigropedata 1 Medium 1
Brachiaria nigropedata 2 Heavy 1
Cenchrus ciliaris 1 Unspecified 2
Cenchrusciliaris 1 Heavy 3
Cenchrus ciliaris 1 Medium 2
Cenchrus ciliaris 2 Heavy 11
Cenchrus ciliaris 2 Medium 1
Chloris gayana 1 0
Chloris gayana 2 Light 1
Chloris mossambicensis 2 Heavy 1
Chloris pycnothrix 1 1
Chloris virgata 1 0
Chloris virgata 2 0
Cymbopogon excavatus 1 Heavy 1
Cymbopogon excavatus 2 0
Cymbopogon plurinodis 1 Heavy 4
Cymbopogon plurinodis 1 Light 3
Cymbopogon plurinodis 1 Medium 3
Cymbopogon plurinodis 2 Heavy 1
Cymbopogon plurinodis 2 Light 5
Cymbopogon plurinodis 2 Medium 1
Cynodon dactylon 2 0
Cyperus 9. 1 Medium 1
Cyperus 9. 2 0
Dactyl octenium aegyptium 1 Light 1
Digitaria eriantha 1 Heavy 14
Digitaria eriantha 1 Light 3
Digitaria eriantha 1 Medium 2
Digitaria eriantha 2 Heavy 12
Digitaria eriantha 2 Light 6
Digitaria eriantha 2 Medium 5
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Diheteropogon amplectens

Diheteropogon amplectens

1 0

2 0
Enneapogon cenchroides 1 0
Enneapogon cenchroides 2 Light 1
Enneapogon scoparius 1 Light 1
Enneapogon scoparius 2 0
Eragrostischloromelas 2 0
Eragrostis cilianensis 1 Light 1
Eragrostis cilianensis 2 0
Eragrostis gummiflua 1 0
Eragrostis rigidior 1 0
Eragrogtis rigidior 2 Light 1
Eragrostisrigidior 2 Medium 1
Eragrostis superba 1 Heavy 1
Eragrostis superba 1 Medium 2
Eragrostis superba 2 Light 3
Eragrostis superba 2 Medium 2
Eragrogtis trichophora 1 0
Fingerhuthia africana 1 0
Fingerhuthia africana 2 0
Heteropogon contortus 1 Ungpecified 1
Heteropogon contortus 1 Heavy 1
Heteropogon contortus 1 Light 2
Heteropogon contortus 2 Heavy 5
Heteropogon contortus 2 Light 2
Heteropogon contortus 2 Medium 10
| schaemum afrum 1 Heavy 1
Ischaemum afrum 1 Light 2
| schaemum afrum 2 Heavy 3
|schaemum afrum 2 Medium 1
Lintonia nutans 1 0
Melinis repens 1 0
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Melinis repens 2 Heavy 2
Panicum coloratum 1 Unspecified 2
Panicum coloratum 1 Heavy 6
Panicum coloratum 1 Light 5
Panicum coloratum 1 Medium 7
Panicum coloratum 2 Unspecified 1
Panicum coloratum 2 Heavy 5
Panicum coloratum 2 Light 10
Panicum coloratum 2 Medium 7
Panicumdeustum 1

Panicum maximum 1 Unspecified 4
Panicum maximum 1 Heavy 13
Panicum maximum 1 Light 5
Panicum maximum 1 Medium 8
Panicum maximum 2 Heavy 27
Panicum maximum 2 Medium 6
Perotis patens 2 0
Pogonarthria squarrosa 1 0
Pogonarthria squarrosa 2 0
Schmidtia pappophoroides 1 Medium 1
Schmidtia pappophoroides 2 Heavy 3
Schmidtia pappophoroides 2 Medium 5
SHaria incrassata 1 Light 1
Sdtaria incrassata 1 Heavy 3
Sdtaria incrassata 1 Light 2
Setaria incrassata 1 Medium 2
Setariaincrassata 2 Light 3
Setaria sp. 1 0
Sorghum versicolor 2 0
Sooroboluscunsimilis 1 Heavy 3
Sooroboluscunsimilis 1 Light 1
Sporoboluscunsimilis 2 Heavy 1
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Soorobolusioclados 1 Unspecified 4
Soorobolusioclados 1 Light 3
Soorobolusioclados 2 Heavy 4
Shoraobolus nitens 2 0
Themedatriandra 1 Unspecified 1
Themedatriandra 1 Heavy 4
Themedatriandra 1 Light 6
Themedatriandra 1 Medium 7
Themedatriandra 2 Heavy 3
Themedatriandra 2 Light 6
Themedatriandra 2 Medium 17
Tragus berteronianus 1 0
Tricholaena monachne 1 0
Tricholaena monachne 2 0
Trichoneura grandiglumis 1 0
Unknown . 1 Light 1
Unknown sp. 2 Heavy 1
Urochloa mosambicensis 1 Unspecified 1
Urochloa mosambicensis 1 Heavy 6
Urochloa mosambicensis 1 Light 8
Urochloa mosambicensis 1 Medium 3
Urochloa mosambicensis 2 Heavy 5
Urochloa mosambicensis 2 Light 11
Urochloa mosambicensis 2 Medium 6
Urochloa oligotricha 1 Heavy 1
Urochloa oligotricha 2 Heavy 1
Urochloa oligotricha 2 Light 1
Urochloa panicoides 1 0

178



Appendix 3

Indices of selection of the various grass species found in patches.

Where:

A = Number of patches in which species occurred

B = Number of patchesin which species was utilised

C = Index of sdection (B/A, utilisation divided by occurrence)

D = D/86, occurrence divided by tota feeding patches sampled

E = B/86, nr. of patchesin which utilised divided by tota feeding patches sampled.

Species A B | C(%) |D (%)|E (%)
Panicum maximum 69 63 91 80 73
Themeda triandra 49 a4 90 57 51
Panicum coloratum 57 43 75 66 50

Digitaria eriantha 42 88 56 49

Urochloa mosambicensis 40 59 79 47

Cenchrusciliaris 19 86 26 22

Cymbopogon plurinodis 17 7 26 20

48
68
Heteropogon contortus 30 21 70 35 24
22
22
12

Soorobolusioclados 1 92 14 13

Setaria incrassata 26 11 42 30 13
Bothriochloa radicans 26 11 42 30 13
Schmidtia pappophoroides 18 9 50 21 10
Eragrostis superba 33 8 24 33 9
|schaemum afrum 7 7 100 8 8
Sorobolus cunsimilis 5 5 100 6 6
Brachiaria nigropedata 5 4 80 6 5
Bothriochloa insculpta 10 3 30 12 3
Urochloa oligotricha 5 3 60 6 3
Brachiaria deflexa 6 2 33 7 2
Eragrogtis rigidior 12 2 17 14 2
Melinis repens 2 2 100 2 2




Unknown . 2 2 100 2 2
Cymbopogon excavatus 2 1 50 2 1
Cyperus sp. 1 1 100 1 1
Chloris nossambicensis 1 1 100 1 1
Dactyl octenium aegyptium 1 1 100 1 1
Brachiaria eruciformis 1 1 100 1 1
Chloris gayana 2 1 50 2 1
Enneapogon scoparius 8 1 13 9 1
Eragrostis cilianensis 3 1 33 3 1
Chloris pycnothrix 1 1 100 1 1
Aristida congesta subsp. barbicollis 11 1 9 13 1
Enneapogon cenchroides 5 1 20 6 1
Aristida adscensionis 7 1 14 8 1
Fingerhuthia africana 2 0 0 2 0
Arigtida congesta subsp. congesta 3 0 0 3 0
Eragrostis trichophora 3 0 0 3 0
Pogonarthria squarrosa 4 0 0 5 0
Panicumdeustum 1 0 0 1 0
Sorghum versicolor 1 0 0 1 0
Urochloa panicoides 1 0 0 1 0
Perotis patens 1 0 0 1 0
Eragrostis look-dike 1 0 0 1 0
Chlorisvirgata 2 0 0 2 0




Appendix 4

Index to the full grass species names where only abbreviaions have been given.

Abbreviation Full speciesname Abbreviaion Full speciesname
Ach lep Achyropsis|eptostachya Erarig Eragrostisrigidior
Ari ads Aristida adscensionis Erasup Eragrostis superba
Ari bar Aristida congesta subsp. barbicollis ~ Eratri Eragrostis trichophora
Ari con Aristida congesta subsp. congesta Fin afr Fingerhuthia africana
AT . Arigtida . Het con Heteropogon contortus
Botins Bothriochloa insculpta Isc afr Ischaemum afrum
Bot rad Bothriochloa radicans Lin nut Lintonia nutans
Bradef Brachiaria deflexa Mél rep Melinis repens
Braeru Brachiaria eruciformis Pan col Panicum coloratum
Branig Brachiaria nigropedata Pan deu Panicum deustum
Cencil Cenchrus ciliaris Pan max Panicum maximum
Chl gay Chloris gayana Per pat Perotis patens
Pogonarthria
Chl mos Chloris mossambicensis Pog squ sguarrosa
Schmidtia
Chl pyc Chloris pycnothrix Sch pap pappophoroides
Chl vir Chlorisvirgata Setinc Setaria incrassata
Cymexc Cymbopogon excavatus S 9. Setaria .
Cympu Cymbopogon plurinodis Sor ver Sorghum ver sicolor
Cyndec Cynodon dactylon Spo cun Sporaoboluscunsimilis
Cyp . Cyperus 9. Sooioc Soorobolusioclados
Dac aeg Dactyloctenium aegyptium Sponit Soorobolus nitens
Digeri Digitaria eriantha Thetri Themedatriandra
Dihamp Diheteropogon amplectens Traber Tragus berteronianus
Enn cen Enneapogon cenchroides Tri mon Tricholaena monachne
Trichoneura
Enn sco Enneapogon scoparius Tri gra grandiglumis
Erachl Eragrogtis chloromelas Unk sp. Unknown .
Eracil Eragrostis cilianensis Uromas Urochloa
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mosambicens's

Eragum

Eragrostis gummiflua

Urodli

Urochloa oligotricha

Eraloo

Eragrodtis look-dike

Uropan

Urochloa panicoides




Appendix 5
Mean legf crude protein content of grasses over study period

Species |Feb |Apr |[Jun [l |Aug|Sep [Oct |Nov |Dec |Jan [Feb [Mar |Apr |[Maydun |Jul
Ari ads 437(5.12

Ari bar 350 6.44

Botins 5.56 581 6.19/6.06
Bot rad 7.756.25 4.42(4.69|4.58( 7.00 547|581 9.23 | 7.25|8.25/ 544
Bradef 18.06

Braeru 7.75

Branig 547 813

Cendil 512 5.38|3.06 6.04 853 5.85{12.00 5.48
Cymexc 6.19

Cympu 5.62|3.00 2.98(2.81 525(3% 7.09 (692 6.88

Syp . 594

Digeri 4.90|3.78/2.98|4.47|3.69|431| 9.91 | 447 |4.33|7.52| 594 | 6.89 4.984.29
Dihamp 8.00

Enncen 4.25 431 1037

Ennsco 6.00 8.56
Eragum 7.69

Erarig 544 3.37|4.88| 7.94

Erasup 3.38 4.07(4.59( 6.19| 6.06 |5.44 7.00 512
Eratri 737

Het con 4.19 3.66(5.00|3.38(3.25 391 544 5.19

Isc afr 475 712 344 812 5.09

Mel rep 338

Pancol [4.41(7.69 4.83|3.44|5.56|2.81| 1063| 7.66 | 8.64|6.22|12.34|1097| 7.31| 6.47|6.04
Pan max 7.40(5.30|4.73|4.66|5.06|5.81| 7.72 | 7.83|7.97|8.08|13.25|10.78 7.316.70
Sch pap 362 459 44 850 6.50{1084| 8.19 | 6.4 6.06
Setinc 3.20{344|2.31{3.27 453| 4.84|544|5.38| 8.28 484
Set . 531

Spocun 5.77 4.06|4.63




Soioc 6.75

Thetri  [3.78[5.44|4.04| 3.58(4.83|4.13| 4.37| 6.25 | 4.25|5.58|6.71| 6.90 | 8.48 4,96/ 4.64
Uromos |4.63|5.22|5.06|4.19|4.55/4.99(5.73| 6.29 | 9.20|8.23(5.87|1383|1348| 7.69 815
Urooli 512 397




Appendix 6
Mean leef crude protein levels of grasses in feeding patches only.

Species |Feb |Apr [dun |Jul |Aug|Sep |Oct [Nov |Dec|Jan |Feb (Mar |Apr [May |[dun |l
Ari bar 350

Botins 581 6.19

Bot rad 8.69 4.72| 5.62| 440 825

Bradef 18.06

Braeru 7.75

Branig 547 813

Cendil 3A 3.06 6.91 825 491 | 1200 5.46
Cymplu 5.62| 3.00 275|281 5.25| 3.06 712 | 692 6.88

Syp . 54

Dig eri 4.75| 3.69| 3.00| 3.62| 4.19| 348| 991|4.47| 362|6.06 | 519 | 6.67 447 | 444
Enn sco 6.00

Erarig 544 369( 3.38| 794

Erasup 420

Het con 4.19 367 338|325 413 5.19

Isc afr 4.75 712 344 6.75

Mel rep 338

Pan col 519 | 6.62 447(3.56| 556| 244 853|562 (1369 9H4 714 | 647




Pan max 740| 5.28| 4.77| 4.75| 4.78| 7.87| 7.94| 7.83| 587 | 7.06 | 1241 | 1006 731 | 637
Sch pap 3.88 494 8.87 6.06

Stinc 322 2.88 350|5.00| 5.84 7.13 531
Spocun 6.09 4.06| 4.63

Spoioc 6.75

Thetri 400 | 5.78| 4.22| 3.75| 5.03| 4.34| 5.06 437] 506|766 | 687 | 809 458 | 481
Uromos | 4.63| 5.66| 5.06| 3.94| 459| 5.05| 5.62| 6.75( 9.50| 7.67 | 587 | 1508 | 1800 | 7.63 7.65




Appendix 7

List of ll plant spediesidentified in this study.

Graminoids

Forbs

Achyropsis|eptostachya

Abutilon .

Aristida adscensionis

Agathisantheum bojeri subsp. bojeri

Aristida congesta subsp. barbicollis

Alsicarpus rugosus subsp. perennirufius

Aristida congesta subsp. congesta

Anthericumsp.

Aristida .

Bothriochloa insculpta

Asparagus .
Cephalocroton mollis

Bothriochloa radicans

Ceratotheca triloba

Brachiaria deflexa

cf. Hemizygia petrensis

Brachiaria eruciformis

cf. Justicia protracta

Brachiaria nigropedata

Cenchrusciliaris

Cienfuegosia hildebrandtii

Cleome angustifolia subsp. petersiana

Chloris gayana

Cleome oxyphylla var. oxyphylla

Chloris mossambicenss

Clerodendrum ternatum var. ternatum

Chloris pycnothrix

Commdina sp.

Chlorisvirgata

Crotalaria virgulata subsp. grantiana

Cymbopogon excavatus Cyathula lanceolata
Cymbopogon plurinodis Dicoma tomentosa
Cynodon dactylon Dyschoriste rogersii
Cyperus . Héliotropicum steudneri
Dactyloctenium aegyptium Hermannia boraginiflora

Digitaria eriantha

Hibiscus micranthusvar. micranthus

Diheteropogon amplectens Indigofera 9.
Enneapogon cenchroides Ipomoea .
Enneapogon scoparius Jatropha sp.
Eragrogtis chloromelas Justicia flava
Eragrostis cilianensis Kohautia virgata

Eragrostis gummiflua

Kyphocarpa augustifolia

Eragrostis rigidior

Lantana rugosa




Eragrostis superba

Leonotis .

Eragrostis trichophora

Leucas glabrata var. glabrata

Fingerhuthia africana

Limeum pterocarpum var. pterocarpum

Heteropogon contortus

Melhania forbesii

| schaemum afrum

Nidorella auriculata

Lintonia nutans

Ocimum canum

Melinis repens

Phyllanthus incurvus

Panicum coloratum

Rhynchosia albissma

Panicum deustum

Rhynchosia minima var. cf. prostrata

Panicum maximum

Perotis patens

Sericorema sericea
Sda alba

Pogonarthria squarrosa

Solanum el eagnifolium

Schmidtia pappophoroides Solanum sp.
Setaria incrassata Tephrosa .
Setaria . Tragia .
Sorghum versicolor Vernonia 9.

Sooroboluscunsimilis

Xerophyta retinervis

Sporabolusioclados Shrubs
Sporobolus nitens Acacia borleae
Themedatriandra Acacia exuvialis

Tragus berteronianus Acacia gerrardii
Tricholaena monachne Acacia nigrescens
Trichoneura grandiglumis Acaciatortillis

Urochloa mosambicensis Albizia harveyi

Urochloa oligotricha AZima tetracantha
Urochloa panicoides Balanites maughamii

Dwarf shrubs

Bolusanthus speciosus

Acacia burkei

Capparis tomentosa

Acacia exuvialis

Cissuscornifolia

Acacia gerrardii

Combretum api culatum

Acacia karoo

Combretum hereroense

Acacia nigrescens

Combretumimberbe




Acacia nilotica

Combretum mossambi cense

Acacia robusta

Combretum zeyheri

Acacia tortillis

Commiphoracf. pyraconthoides

Acacia xanthophloea Commiphora sp.
Adenium sp. Dalbergia melanoxylon
Albizia harveyi Dichrostachys cinerea
Albizia petersana Diospyros mespiliformes
Azma tetracantha Ehretia amoena

Baby maytenus Euclea divinorum
Balanites maughamii Euclea natalensis

Barleria bleferrous

Flueggea virosa

Berchemia zeyheri Grewia bicolor
Bolusanthus speciosus Grewia flava
Capparis tomentosa Grewia hexamita

Cassa abbreviata

Cissuscornifolia

Grewia monticola

Grewia 9.

Combretum apiculatum Grewia villosa
Combretumhereroense Gymnosporia buxifolia
Combretumimberbe Gymnosporia senegalensis
Combretum mossambicense Lannea stuhlmannii
Combretum zeyheri Lonchocar pus capassa

Commiphora cf. pyraconthoides

Ormocarpum trichocarpum

Commiphora 9.

Pdtophorum africanum

Dalbergia melanoxylon

Sclerocarya birrea

Dichrostachys cinerea

Jirostachys africana

Diospyros mespiliformes

Srychnos spinosa

Dombeya rotundifolia

Terminalia prunoides

Ehretia amoena

Ximenia americana

Ehretiarigida Ximenia caffra
Euclea divinorum ZiZiphus mucronata
Euclea natalensis Trees

Flueggea virosa

Acacia gerrardii




Gardenia volkensii

Acacia nigrescens

Gossypium herbaceum subsp. africanum

Acacia nilotica

Grewia bicolor Acacia robusta

Grewia flava Acacia tortillis

Grewia hexamita Albizia harveyi

Grewia monticola Balanites maughamii
Grewia villosa Cassia abbreviata
Gymnosporia buxifolia Combretum api culatum
Gymnosporia senegalensis Combretumhereroense
Lannea stuhlmannii Combretumimberbe
Lonchocar pus capassa Combretum zeyheri
Maerua parvifolia Dalbergia melanoxylon

Neur acanthus africanus

Diospyros mespiliformes

Ormocar pum trichocar pum

Gymnosporia buxifolia

Ozoroa engleri

Peltophorum africanum

Lannea stuhlmannii

Lonchocar pus capassa

Rhus guenizi

Peltophorum africanum

lerocarya birrea

lerocarya birrea

Srychnos spinosa

Terminalia prunoides

Terminalia sericea

Terminalia sericea

Ximenia americana

Ziziphus mucronata

Ximenia caffra

Ziziphus mucronata




Appendix 8

Example of datasheat for callection of plant specimen samples.

Collection Sheet

Specimen .

Platt name

Destription

191




Appendix 9
Example of datasheet used for collection of florigtic data of selected and control patches.

Specieslist
Sample stenr:
Spec. Nr. Name GF | CDC NI | Utilised | Degree

Grass

GF Growthform haght
cbC Crown diameter class 1 11
NI No. of individudsin variable transect 2 12
3 13
GF Tree (sngle stem >2m, multi-stem >=5m) 4 14
Shrub (Sngle <2m, multi <5m) 5 15
Dwarf shrub (woody, <1m, perennial) 6 16
Graminoid (Restios, sedges, grasses) 7 17
Forb (herbs, mainly annual) 8 18
9 19
10 20




Appendix 10
Datasheet used to collect generd habitat deta of sdected and control patches.

Ved survey data sheet

1 FeAdWOrKerS NamME ... e e e

3. Locdity

4. Environmentd parameters
Sope (indegrees).................. Aspect (indegrees)...................
Geomorphologica Unit.............cooiieiiii
Soil type (sand, 10am, day)........oeveneeiiii
Estimated % surface rock. ..o

5. Anthropogenic activity
Evidence of recent fire.........cooviviiiiiiiii
Other diStUrDaNCeS. ... ....veiie e
6. Evidence of grazing Or DrOWSING........cvuivivieiiiiie e
7. Mean vishility (m):N:.......... Eee. S W:...oee. AVO=..iee.
8. Mean grassheight: a No grass..........
b. Ankle height ........



